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ABSTRACT
V icksbu rg ian  (O ligocene) pelecypods o f  Che genus Peccen in  south*  
e a s te rn  U nited  S ta te s  belong to  a s in g le  e v o lu tio n a ry  s to c k  whose 
c l a s s i f i c a t i o n  and nom enclature have been confused  through  a com bination  
o f in ad eq u a te  c h a r a c te r iz a t io n  o f  the  sp e c ie s  and subsequen t lo s s  o f 
some o f th e  type  specim ens. The taxonomy o f th e se  p e c te n s , which cou ld  
be based on e i t h e r  a m orpho log ica l o r a b io lo g ic a l  concep t o f  s p e c ie s ,  
i s  here  c o n s id e re d  b io lo g ic a l ly .
T his s tu d y  i s  an e v a lu a t io n  o f  over 2500 v a lv es  c o l le c te d  in  84 
sam ples from 19 com posite  s e c t io n s  a long  a 400-m ile long o u tc ro p  b e l t  
from R o se f ie ld , L o u is ia n a , to  M arianna, F lo r id a .
The taxonom ic s ig n if ic a n c e  o f  s h e l l  c h a r a c te r s ,  I . e . ,  w hether th ey  
change w ith  s t r a t i g r a p h ic  p o s i t io n ,  l l th o lo g y ,  o r geography, was 
dete rm ined  by p lo t t i n g  t h e i r  d i s t r i b u t i o n  and by t e s t i n g  the  observed 
a s s o c ia t io n s  s t a t i s t i c a l l y .  A dult e x te rn a l  o rn am en ta tio n  ( r i b  s c u lp tu r e ,  
la m e lla e  sp a c in g , and prominence o f e a r  s t r i a t l o n s )  changes s t r a t i -  
g r a p h lc a l ly  in  two g e o g ra p h ic a lly  se p a ra te d  tre n d s  p roducing  f iv e  
s c u lp tu r a l  ty p e s . As th e se  changes a re  c o n s is te n t  fo r  r i g h t  v a lv e s , 
f iv e  m orpho log ica l v a r ia n ts  (m orphotypes) can be recogn ized  by th e i r  
r ig h t - v a lv e  s c u lp tu re .  On the  o th e r  hand, s iz e  (as measured by v a lv e  
h e ig h t ) ,  co n v ex ity  (as approxim ated by v a lv e  i n f l a t i o n - t o - h e i g h t  r a t i o ) ,  
and r i b  number show sm all num erica l v a r i a t io n  and, in  la rg e  p a r t ,  s tro n g  
lin k a g e  to  l l th o lo g y .
lx
On Che b e a ts  o f p ro p o r tio n s  o f  m orphotypes, the  sam ples can be 
grouped in  f iv e  ta x a , each c h a ra c te r is e d  by dominance o f  one m orphotype. 
The ran k  o f  th ese  ta x a  has been determ ined  by ev idence  o f  re p ro d u c tiv e  
i s o l a t i o n ,  p o s i t io n  o f  co n v en ien t s t r a t ig r a p h lc  b re a k s , and re c o u rse  to  
th e  75 p e rc e n t r u l e .  Two b io lo g ic a l  s p e c ie s ,  P. p e rp lan u s and jP. h o v e l, 
can  thus be d is t in g u is h e d ,  and f iv e  su b sp e c ie s , P. £ . p e rp la n u s , P. £ . 
p o u ls o n i. and P. £ . byram ensis in  the  form er and P. h . hove l and P. h . 
m arian n en sis  n . subsp . in  the  l a t t e r ,  can  be se p a ra te d . These tax a  
a re  d e s c r ib e d , and le c to ty p e s  and a neo type a re  d e s ig n a te d  fo r  those  
in  which h o lo ty p es  do n o t e x i s t .
x
INTRODUCTION
S ta tem en t o f  Problem
The V icksbu rg ian  (O llgocene) pelecypods o f  the  genus P ec ten  In 
e a s te rn  N orth America r e p re s e n t  a  s in g le ,  v a r ia b le ,  w ide ly  d i s t r ib u te d  
e v o lu tio n a ry  s to c k . P re v io u s ly  the  s to c k  has been s tu d ie d  u sin g  
s t r i c t l y  a  m orpho log ica l approach  which has r e s u l te d  in  c o n tro v e rs ie s  
in  nom enc la tu re , c o n fu s io n  in  a f f i n i t y ,  and l im i ta t io n  o f  u se fu ln e ss  
as gu ide f o s s i l s .  An a l t e r n a t iv e  approach  in  which sp e c ie s  a re  
reg a rd ed  as v a r ia b le ,  in te rb re e d in g  p o p u la tio n s  i s  used here  in  an 
a ttem p t to  p ro v id e  a b io lo g ic a l ly  m eaningful b a s is  o f  c l a s s i f i c a t i o n .  
Though m orpho log ica l c h a ra c te r s  s t i l l  p rov ide  the  taxonomic b a s is  fo r  
th i s  s tu d y , s t r a t l g r a p h lc  and geograph ic  d i s t r i b u t i o n  o f  m orphologic 
v a r i a t io n  i s  the  c r i t i c a l  f a c to r .
The f i r s t  names a p p lie d  to  V ick sb u rg ian  P ecten  in  s o u th e a s te rn  
U nited  S ta te s  a re  Pecten  p e rp lan u s H orton , 1833, and P. poulsbm i M orton, 
1834. A com bination  o f incom plete  d e s c r ip t io n ,  in e x a c t s t r a t lg r a p h lc  
and geograph ic  lo c a t io n ,  and lo s s  o f  th e  type m a te r ia l  allow ed P. 
p e rp lan u s  to  be w id e ly  confused  w ith  a  Ja ck so n ian  P e c t in id ,  Chlamys 
8p ilim a n i (Gabb), 1860, u n t i l  H a rr is  and Palmer (1946) c l a r i f i e d  the  
two s p e c ie s .  In  c o n t r a s t ,  the  nom encla tu re  o f P. p o u lso n i has been 
f a i r l y  c l e a r ;  th e  name was g e n e ra l ly  used fo r  the  sp e c ie s  found in  the  
M arianna, M int S p rin g , G lendon, and Byram Form ations exposed in  the
1
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a re a  from L o u is ia n a  to  F lo r id a  u n t i l  r e s t r i c t e d  by G ardner (1945?, who 
se p a ra te d  P. byram ensis from the  Glendon and Byram F orm ations. Delaney 
(1963) concluded th a t  " P ecten  p o u lso n l Morton and Pec ten  byram ensis 
G ardner a re  synonymous and th a t  n e i th e r  s u b s p e c if ic  nor v a r i e t a l  names 
should  be a p p lie d  to  t h i s  s in g le  s p e c ie s  o f Pec t e n ."
The p re s e n t  s tu d y  has r e s u l te d  In v a l id a t io n  o f  two sp e c ie s  
d iv id e d  in to  f iv e  su b sp ec ie s  on th e  b a s is  o f the  b io lo g ic a l  sp e c ie s  
c o n ce p t. The nom enclature  o f th e se  ta x a  has been determ ined  n o t on ly  
from c o n s u l ta t io n  o f  the  l i t e r a t u r e  b u t a ls o  from exam ina tion  o f t h a t  
type m a te r ia l  which i s  s t i l l  in  e x is te n c e .  In  the  i n t e r e s t  o f nomen­
c la tu r e !  s t a b i l i t y ,  le c to ty p e s  and a  neotype a re  h e re  d e s ig n a te d  fo r  
th o se  tax a  In  which h o lo ty p e s  do n o t e x i s t .
S pec ies C oncepts in  P a leo n to lo g y
P a le o n to lo g is ts  p r e s e n t ly  employ two c o n c e p tu a lly  d i f f e r e n t  types 
o f  s p e c ie s ,  m orphospecies and c h ro n o s p e c ie s . A m orphospecies i s  
e s ta b l is h e d  s o le ly  on m orpho lo g ica l ev idence  (C ain , 1954) and has been 
d e fin e d  as "a  group o f in d iv id u a ls  o r p o p u la tio n s  w ith  th e  same or 
s im ila r  m orpho log ica l c h a r a c te r s "  (Meyr, 1942, p . 115). A ch rono ­
s p e c ie s  r e p re s e n ts  an e x te n s io n  o f  a s t a t i c ,  b io lo g ic a l ly  conceived  
sp e c ie s  in to  tim e (G eorge, 1956, p . 129).
The two co n cep ts  a re  s im ila r  in  th a t  th ey  a re  b o th  based  on 
m orphology, b u t they  d i f f e r  g r e a t ly  in  app roach . M orphospecies a re  
based on s i m i l a r i t y  w ith  types and may exclude  contem porary  in d iv id u a ls  
from th e  same in te rb re e d in g  p o p u la tio n  i f  th ey  d i f f e r  s u f f i c i e n t l y
3
from the  ty p e . In  c o n tr a s t  ch ro n o sp ec ies  a re  based on n a tu r a l ,  I n t e r ­
b ree d in g  p o p u la tio n s , even though they  may in c lu d e  m o rp h o lo g ica lly  
d i f f e r e n t  form a.
Some r e la t io n s h ip s  betw een the  two sp e c ie s  co n cep ts  in  p a le o n to lo g y  
a re  i l l u s t r a t e d  in  f ig u re  1. At su c c e ss iv e  g eo lo g ic  h o rizo n s  1 to  5 
occur f o s s i l  p o p u la tio n s  c o n ta in in g  siorphologic  v a r ia n ts  (m orphotypes, 
S y lv e s te r -B ra d le y , 1958) A to  1. The s o l id - l in e d  norm al cu rv es 
r e p re s e n t  th e  frequency  d i s t r i b u t i o n  o f  m orphotypes in  in te rb re e d in g  
p o p u la tio n s  from su c c e ss iv e  h o r iz o n s . These v a r ia b le  p o p u la tio n s  e x h ib i t  
a  waxing o f  s u c c e s s fu l  form s. For exam ple, morphotype D makes up on ly  
a sm all p ro p o r tio n  o f the  p o p u la tio n  a t  h o rizo n  2. However, by the  
tim e o f  h o rizo n  3 , D has becosm th e  dom inant morphotype w ith  on ly  a 
m inor p ro p o r tio n  o f  the  forms d iv id e d  betw een th e  fo rm erly  s u c c e s s fu l  
morphotype C and th e  new morphotype E. L a te r  a t  h o rizo n  4 , morphotype 
D i s  reduced  to  a  m inor p ro p o r tio n  o f th e  p o p u la tio n  w ith  the  in c re a s e
o f morphotype E and the  appearance  o f new form F. The frequency
d i s t r i b u t i o n  o f  m orphotype D w ith  time from h o rizo n  2 to  4 i s  i l l u s ­
t r a t e d  by a d a sh e d - l in e  frequency  c u rv e .
R igorous adherence to  the  m orphospecies concep t would r e s u l t  In  
r e f e r r in g  each  morphotype (A to  1) to  a d i f f e r e n t  s p e c ie s .  The 
c h ro n o sp ec ies  app roach , on the  o th e r  hand, re c o g n iz e s  a l l  m orphotypes
w ith in  an In te rb re e d in g  p o p u la tio n  as the  same s p e c ie s .  As su c c e ss iv e
p o p u la tio n s  r e p re s e n t  a continuum  o f organism s th rough  tim e , d iv is io n  
in to  sp e c ie s  and su b sp ec ie s  must be a r b i t r a r y ,  though based  on some 
c r i t e r i o n  o f  re p ro d u c tiv e  i s o l a t i o n .  N e ith e r  p a le o n to lo g is ts  nor 
b io lo g i s t s  have any b a s is  fo r  i n f e r r in g  th e  amount o f  m orphologic
4
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change o r tim e re q u ire d  fo r  f o e e i l  p o p u la tio n s  to  become re p ro d u c tiv e ly  
I s o la te d ,  Mayr, L ins le y , and U slnger (1953) su g g e s t su b d iv is io n  or 
d is c r im in a t io n  o f  tax a  by means o f  the  75 p e rc e n t r u l e .  I f  th e  75 p e r ­
c e n t r u le  i s  in te r p r e te d  to  siean th a t  s u b d iv is io n  i s  w arran ted  where 
75 p e rc e n t o f th e  in d iv id u a ls  o f  one taxon  d i f f e r  from 97 p e rc e n t o f  
th e  in d iv id u a ls  o f  th e  o th e r ,  th en  p o p u la tio n s  from h o rlso n s  1 and 2 
and those  from h o rizo n s  3 and 4 and may be p laced  in  d i f f e r e n t  tax a  
(sp e c ie s  or su b s p e c ie s ) .
By the  same c r i t e r i o n ,  synchronous p o p u la tio n s  X and Y a re  
tax o n o m ica lly  d i s t i n c t .  I f  th ey  a re  g e o g ra p h ic a lly  b u t n o t rep ro d u c ­
t iv e ly  s e p a r a te ,  they  a re  geographic  su b sp e c ie s ;  i f  they a re  rep ro d u c ­
t iv e ly  i s o l a t e d ,  w hether or n o t g e o g ra p h ic a lly  s e p a ra te d , they  a re  
d i s t i n c t  s p e c ie s .  I t  i s  im p o ssib le  by d e f i n i t i o n  th a t  two su b sp ec ies  
c o e x is t  a t  the same l o c a l i t y ;  th e re fo re  s io rp h o lo g ic a lly  d i f f e r e n t  
specim ens must be t r e a te d  as e i t h e r  in t r a p o p u la t io n  v a r ia n ts  (morpho­
types o f  t h i s  r e p o r t )  o r d i f f e r e n t  sp e c ie s  on th e  b a s is  o f  t h e i r  
in fe r r e d  c a p a b i l i ty  o f  in te rb re e d in g .
S e le c tio n  o f the  sp e c ie s  concep t a p p ro p r ia te  fo r  use in  a 
p a r t i c u l a r  p a le o n to lo g ic  problem  depends upon th e  n a tu re  o f  the 
m a te r ia l  a v a i la b le  and th e  goa l o f  the  p a le o n to lo g is t  in  c la s s i f y in g  
i t .  For sm all sam ples o f groups whose geograph ic  and s t r a t lg r a p h lc  
ranges and b io lo g ic a l  a f f i n i t i e s  a re  in co m p le te ly  known, th e  morpho­
sp e c ie s  approach  may be the  on ly  one p o s s ib le .  But as Hewell (1956, 
p . 79) s t a t e s ,  "Only p o p u la tio n s , n o t In d iv id u a ls  e v o lv e " ; hence 
e s ta b lish m e n t o f  an e v o lu tio n a ry  h i s to r y  or o f  a p h y lo g en e tic  system  
o f  c l a s s i f i c a t i o n  depends on th e  ch ro n o sp ec ies  as the  b a s ic  taxonomic
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u n i t .  I n 'a d d i t io n ,  e v o lu tio n a ry  s ta g e s  w ith in  a  ch ro n o sp ec ies  can 
d e p ic t  (by p o p u la tio n  v a r ia n t  r a t i o s )  le v e ls  o f  b lo sp e c ie s  c o r r e l a t io n  
more p re c is e  than  those  o b ta in a b le  from the  long term  g eo lo g ic  ranges 
o f  the  in d iv id u a l  v a r ia n ts  o r o f  m orphospecies a lo n e .
The p r a c t i c a l  a p p l ic a t io n  o f e i t h e r  sp e c ie s  concep t re q u ire s  
a llow ances o r ad ju s tm en ts  fo r  such v a r ia t io n s  as se x , o n to g e n e tic  age , 
and eco lo g y . Trueman (1922 ), fo r  exaisp le , compared o n ly  a d u l t  specim ens 
o f  Gryphaea because the  "degree  o f c o l l in g "  changed w ith  ontogeny as 
w e ll as phylogeny. U nadjusted  d a ta  would have obscured  the  e v o lu tio n a ry  
p a t t e r n .  The ways in  w hich the  frequency  d i s t r i b u t i o n  o f  s iz e  stay be 
b ia se d  a re  d isc u sse d  by Joysey  (1953) and Kermack (1954).
Methods o f  In v e s t ig a t io n
Over 2500 v a lv e s  (combined l e f t  and r i g h t )  were c o l le c te d  in  84 
sam ples from 19 com posite  s e c t io n s  a long  a 400-m ile  long b e l t  o f  
V ick sb u rg ian  (O llgocene) o u tc ro p  e x te n d in g  from R o s e f ie ld , L o u is ia n a , 
on the  w est to  M arianna, F lo r id a ,  on the  e a s t  ( f ig u re  2 ) .  A ll s e c t io n s  
sampled e i t h e r  have been a d e q u a te ly  d e sc r ib e d  in  the  l i t e r a t u r e  
(appendix  B) o r were d e sc r ib e d  and in c lu d ed  in  appendix  C. T h icknesses 
were m easured w ith  a hand le v e l .  At each  l o c a l i t y ,  depending  upon the  
a v a i l a b i l i t y  o f p e c te n s , sam ples were c o l le c te d  from o n e - to - f iv e - f o o t  
v e r t i c a l  I n te r v a ls  from th e  d i f f e r e n t  l l t h o lo g ic  u n i t s ,  the  th ic k e r  
u n i ts  be ing  sampled a t  th e  b a se , m id d le , and to p . The lo c a t io n  o f  
sam ples i s  g iven  in  appendix  B and shewn in  f ig u re  3 . An a tte m p t was 
made to  c o l l e c t  a t  l e a s t  30 specim ens in  each  sam ple, b u t th e  sample 
s iz e  v a r ie d  from 100 com plete  v a lv e s  to  a s in g le  fragm en t. The average
Vicksburgian Outcrop Belt 
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sam ple s i z e ,  c o n s id e r in g  bo th  com plete  v a lv e s  and u sab le  fragm en ts ,
I s  3 0 .2 .
Most o f  th e  m a te r ia l  was c o l le c te d  from th e  le s s  In d u ra ted  zones; 
hence I t  was u s u a l ly  p o s s ib le  to  p rep a re  the  s h e l l s  fo r  s tu d y  by 
sc ru b b in g  them w ith  a to o th b ru sh . W ith some o f  the  m a te r ia l ,  th e  use 
o f  b u rs  and b ru shes powered by a d e n ta l  eng ine  was n e c e ssa ry .
M easurements (read  d i r e c t l y  to  0 .1  mm w ith  a v e rn ie r  c a l i p e r ) ,  
c o u n ts , and q u a l i t a t i v e  c h a r a c te r s  were reco rd ed  fo r  2105 e n t i r e  or 
n e a r ly  e n t i r e  v a lv e s .  E x p lan a tio n  o f  th e  p rocedures used in  making 
co u n ts  and m easurem ents and the  d e f i n i t i o n  o f q u a l i t a t iv e  c h a ra c te r s  
a re  g iven  on page 1 6 . (morphology o f  th e  s h e l l ) .  The d a ta  were put 
on IBM c a rd s ,  a  com puter p r in to u t  o f which i s  in c lu d ed  in  appendix  D. 
The L o u is ian a  S ta te  U n iv e rs i ty  IBM 1620 and IBM 7040 com puters and a 
desk  c a lc u la to r  were used to  compute the  s t a t i s t i c s .
The s h e l l s  were p rep a red  fo r  photography by dark en in g  w ith  
w ashable b la c k  in k  and th en  a c c e n tu a tin g  r e l i e f  by "smoking" w ith  
magnesium r ib b o n . Photographs were taken  w ith  a  35 mm L elca  copying 
camera by the  w r i t e r .  The photographs were n o t re to u ch ed .
A ll m a te r ia l  used in  t h i s  s tu d y , ex cep t th e  borrowed ty p e s , i s  
d e p o s ite d  in  the  L o u is ian a  S ta te  U n iv e rs i ty  Geology Miseum, Baton 
Rouge. The i l l u s t r a t e d  specim ens a re  i d e n t i f i e d  by L. S. U. Geology 
Museum numbers l i s t e d  in  the  p la te  e x p la n a t io n s . The rem ainder o f  th e  
m a te r ia l  i s  in  th e  Glawe Pec te n  C o l le c t io n ,  L. S. U. G. M. L o c a li ty  
C o l le c t io n  number 2105.
A re fe re n c e  c o l l e c t io n  c o n ta in in g  r e p r e s e n ta t iv e  specim ens o f the 
P ec ten  p e rp lan u s  s to c k  id e n t i f i e d  by the  w r i t e r  i s  d e p o s ite d  in  the
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Alabama G eo lo g ica l Survey P a leo n to lo g y  Museum, T usca loosa .
S tra t ig ra p h y  o f P e c te n -b e a rin g  V icksburg ian  Beds
O iigocene d e p o s i ts  in  th e  n o r th e rn  G ulf o f Mexico C o a s ta l P rov ince 
r e p re s e n t  a c o n tin u a t io n  o f  the  m arine c o n d itio n s  o f  th e  Eocene, w ith  
o n ly  a  s l i g h t  r e t r e a t  from th e  maximum T e r t ia r y  in la n d  in v a s io n  o f the  
M is s is s ip p i  embayment o f l a t e  Eocene tim e. The g e n e ra l f a c ie s  a re  
a renaceous in  Texas in c lu d in g  in te rb ed d e d  sands and c la y s  and f i n e ­
g ra in e d  p y r o c la s t ic  m a te r ia l ;  a rg i l la c e o u s  in  L o u is ia n a , M is s is s ip p i ,  
and w este rn  Alabama c o n ta in in g  m ainly  c la y ,  sandy m arls and lim e sto n e , 
and some sand ; and c a lc a re o u s  in  e a s te r n  Alabama and F lo r id a  in c lu d in g  
lim e s to n e , d o lo m ite , and lo c a l  c h e r t  (M urray, 1961, p . 388 ).
For th e  convenience o f  th i s  r e p o r t ,  the  O iigocene fo rm atio n s in  
th e  a re a  s tu d ie d  were grouped as d e t r i t a l  o r n o n d e t r l ta l  f a c ie s  ( f ig u re  
4 ) .  The s t r a t ig r a p h y  i s  i l l u s t r a t e d  by a  c ro s s  s e c t io n  w ith  the  base  
o f  the  Glendon Lim estone as datum ( f ig u re  3 ) .  L lth o lo g y  and th ic k n e s se s  
o f  u n i ts  a re  based on m easured s e c t io n s  o b ta in ed  from numerous so u rces 
e i t h e r  r e f e r r e d  to  in  appendix  B o r d e sc r ib e d  in  appendix  C. As the  
s t r a t ig r a p h y  o f the  V icksburg ian  in c lu d e s  many d i f f e r e n t  id eas  end 
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Chickasawhay Limestone,
Bucatunna Clay Suwannee Lim estone
MarlByram
GlendonMosley Hill Fm Lim estone
Mint S p ring  M arl M arianna Lim estone
F o re s t H i l l  Sand-Red B lu ff  Fm Bumpnose Lim estone
F ig u re  4 . D e t r i t a l  and n o n d e t r i ta l  f a c ie s  o f  th e  O iigocene 
fo rm atio n s o f L o u is ia n a , M is s is s ip p i ,  Alabama, and F lo r id a .
SHELL MORPHOLOGY
i
Development o f  S h e ll
S h e ll  developm ent re p o r te d  fo r  P ecten  l r r a d la n a  i s  as fo llo w s: 
l a r v a l  s ta g e  re p re se n te d  by trochophore  la rv a ,  v e l ig e r ,  and p ro d is s o -  
conch; trochopho re  developed  a t  12 hours (B e ld in g , 1910) o r two days 
a t  25° C (G u ts e l l ,  1930) w ith  c i l i a  fo r  sw inning and p r im it iv e  
d ig e s t iv e  t r a c t ;  v e l ig e r  w ith  velum , soon fo llow ed  by developm ent o f 
a s h e l l  (p ro d ls so c o n c h ) ; e a r ly  p ro d isso co n ch  0 .0 8  mm long developed a t  
17-40 hours (B e ld in g , 1910) o r 42-48 hours a t  25° C (G u ts e l l ,  1930) 
w ith  s l i g h t l y  concave h inge  l i n e ;  l a t e  p ro d lsso co n ch  0 .18  mm long w ith  
ad d u cto r m usc le , g i l l s ,  complex a lim e n ta ry  c a n a l ,  and an o to c y s t;  p o s t 
l a r v a l  developm ent re p re s e n te d  by n ep io n ic  s ta g e  fo llow ed by developm ent 
to  m a tu r i ty ;  n ep io n ic  0 .1 8  to  1 .0  mm long w ith  s t r a i g h t  h inge  and 
b y s s a l n o tch ; n ep io n ic  s ta g e  ends w ith  developm ent o f  r i b s ;  norm al l i f e  
expec tancy  o f  P . i r r a d ia n s  i s  abou t two y e a rs  ( s iz e  75 to  80 m a lo n g ); 
grow th l in e s  develop  d u rin g  spawning p e rio d  in  N orth C a ro lin a  (G u ts e l l ,  
1930) and in  Rhode Is la n d  (R is s e r ,  1901), b u t occur d u rin g  w in te r  in  
M assachuse tts  (B e ld in g , 1910).
R e la tio n  to  Mode o f L ife
S c a llo p s  o f  th e  genus P ec ten  a re  h ig h ly  s p e c ia l iz e d  and a re  no ted  
fo r  t h e i r  a b i l i t y  to  swim, the  in e q u lv a lv e  forms b e in g  le s s  a c t iv e  
swlimners than  th o se  w hich a re  more n e a r ly  e q u iv a lv e  (Cox, 1952).
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P ec tens u s u a l ly  r e s t  on th e  more convex r ig h t  v a lve  which i s  g e n e ra lly  
k ep t c le a n  o r worn smooth by re p e a te d  c o n ta c t  w ith  the  se a  bottom . The 
f l a t  or concave l e f t  v a lv e  i s  upperm ost and may have an ep lfau n a  o f 
b a rn a c le s ,  b ryozoans, p o ly c h a e te s , and b o rin g  sponges (F lem ing, 1957,
P. 12).
L arva l p ec ten s  a re  a tta c h e d  by a byssus and have a fu n c t io n a l  
c te n o liu m . L a te r in  l i f e  they  a re  b en thon ic  o r n e k to n lc , and th e  
c ten o liu m  becomes o b s o le te .
R e la tio n  to  Environment
S h e ll  morphology w ith in  sp e c ie s  o f P ec ten  seems to  be in flu e n c e d  
by env ironm en ta l c o n d it io n s .  D a li (1898, p . 694) s t a t e s ,  "The same 
sp e c ie s  in  th e  n o r th e rn  ( i . e . ,  p o la r )  p a r t  o f i t s  range i s  la r g e r  than  
in  the  so u th , u n le s s  i t  i s  a  d i s t i n c t i v e l y  t r o p ic a l  s p e c ie s ."  Masuda 
(1962, p . 122) r e p o r t s ,  "A ccording to  Nomura and H a ta i (1937) deep 
w ater n o t on ly  b r in g s  about a d e c re a se  in  th ic k n e s s  o f th e  s h e l l  b u t 
a ls o  tends to  b r in g  about a  sm a lle r  s iz e  compared to  th a t  o f th e  
sha llow  w a te r form s. A lso a cco rd in g  to  Tanaka (1906) th e  s h e l l s  o f 
P a tin o p e c te n  y e ssp e n s is  l iv in g  in  th e  calm  sea  a re  g e n e ra l ly  somewhat 
la rg e r  in  s iz e  and the  c o n v ex ity  o f th e  r i g h t  v a lv e  i s  r a th e r  sm a lle r  
b u t th e  l e f t  v a lve  i s  r a th e r  more in f l a t e d  th an  th o se  l iv in g  in  o th e r  
se a  c o n d i t io n s ."  Masuda (1962, p . 128) r e p o r ts  th a t  th e  r a d i a l  r ib s  
o f  th e  l e f t  v a lv e  o f  M lyag ipecten  mat s««nor le n s  i s  Masuda were b e t t e r  
developed in  specim ens from c o a rse -g ra in e d  sed im en ts th a n  in  th o se  from 
f in e -g ra in e d  se d im en ts . D avenport (1900) no ted  th a t  th e  I n te r n a l
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groove* in  the r i g h t  v e lv e  o f P ec ten  i r r e d le n a  Lamarck v a ry  lea*  in  
reaponae  to  env ironm en ta l c o n d itio n *  th an  thoae in  th e  L eft v a lv e .
S h e ll  C harac te r*
G eneral
S h e ll  morphology o f the  P e c tin id a e  has been w e ll d iacu aaed  by 
V e rr i.l l  (1897 ), Newell (1937), Fleming (1957), and Maauda (1962). The 
c h a ra c te r*  d e ac rib e d  in  th e  pec ten* o f t h i s  r e p o r t  a re  shown in  f ig u re s  
5a -d .
The main a re a s  o f the  s h e l l  e x te r io r  a re  th e  e a r s ,  the  subm argina, 
and the  d is c  ( f ig u re  5 c ) . Kara (a e ,p e )  a re  se p a ra te d  from subm argina 
(am) by a  l in e a r  d e p re s s io n , and subm argina a re  d is t in g u is h e d  from the 
d is c  (UPVA) by t h e i r  lack  o f  r a d i a l  o rn am en ta tio n . R ad ia l r id g e s  (ea r  
s t r i a t i o n s ,  e s )  commonly a re  found on the  e a r s ,  and r a d i a l  o rnam en ta tion  
c o n s is t in g  o f  r i b s  ( r )  and in te r s p a c e s  ( i s )  i s  w e ll  developed on th e  
d i s c .  R ibs a re  f re q u e n tly  l i r a t e  ( r l ) ,  b u t in te r s p a c e  l i r a t i o n  i s  r a r e .  
Uniform grow th increm en ts a re  th e  c o n c e n tr ic  la m e lla e ; r e t a r d a t io n  in  
grow th r a t e  r e s u l t s  in  prom inent c o n c e n tr ic  l in e s  (grow th l i n e s ,  g l ) .
M orpholog ical f e a tu re s  o f th e  s h e l l  i n t e r i o r  a re  shown in  f ig u re
5d. The h inge  p la te  c o n ta in s  one to  th re e  p a i r s  o f r id g e - l ik e  p ro cesses
(c a rd in a l  c ru r a ,  c c ) which a re  s l i g h t l y  o b liq u e  to  th e  h inge  m argin  and
a c e n t r a l l y  lo c a te d , d e lta -s h a p e d  d e p re ss io n  ( r e a i l l a l  p i t ,  r p ) .  a
provinculum  ( f a i n t  tra n s v e rs e  s t r i a e )  i s  conseonly observed on th e
c a r d in a l  c r u r a .  Along th e  d o r s a l  m argin  o f v a lv e  and in  perm anent
c o n ta c t  w ith  th e  o p p o s ite  v a lv e  in  th e  com plete  specim en i s  the  h inge  
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f i g .  5  bfig. 5 a
Fig. 5a. Height (H), length (L), hinge length (HL), inflation 
(I), and orientation: anterior (A), posterior (P), dorsal (D), and 
ventral (V) for a right valve.
Fig. 5b. Rib sculptural typ <s - top viev. . b-a, smooth: b-b, 
unilirate; b -c , trilirate; and ventral margin profile: b -a ’, smooth; 
b-b’, unilirate; b - c ’, trilirate.
h i
ii .♦ •.
Fig. 5c . Pecten perplanus byram ensis (Gardner). Right valve, 
exterior. A, anterior; P, posterior; V, ventral; U, umbo; UPVA, 
disc; ae , anterior ear; e s ,  ear striation; bn, byssal notch; pe, 
posterior ear; sm , submargin; gl, growth line; r l, rib liration; 
r, rib; is ,  interspace.
Fig. 5d. Pecten perplanus byramensis (Gardner). Right valve, 
interior. A, P, and V as in previous figure; hi, hinge line; rp, 
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Below th e  a n te r io r  e a r  Is  an in d e n ta t io n  (b y s s a l n o tch , bn) which 
i s  p a r t i c u l a r l y  w e ll  developed in  r i g h t  v a lv e s .  In  the  b y s s a l  no tch  o f 
Mju v e n i le ,< r i g h t  v a lv e s , one to  f iv e  to o th - l ik e  p ro je c t io n s  (c ten o llu m ) 
Is  v i s i b l e .  In  th e  a d u lt  th e  c ten o llu m  i s  covered  o r o b s o le te .
Near th e  c e n te r  o f  th e  s h e l l ,  s l i g h t l y  o f f s e t  toward the  p o s te r io r ,  
i s  a  s in g le ,  la rg e  adducto r m uscle s c a r .  In  r i g h t  v a lv e s  i t  i s  
d i f f e r e n t i a t e d  In to  two p a r t s  ( p i .  1, f i g s . ,  4 , 7; p i .  2 , f i g .  7 ) .
|,*r * S tu d ied  in  D e ta i l
SIZE: S tandard  m easurem ents o f  h e ig h t (H ), m easured p e rp e n d ic u la r
to  th e  h inge  l i n e ;  le n g th  (L ), m easured p a r a l l e l  to  the  h inge l in e ;  
i n f l a t i o n  ( I ) ,  m easured p e rp e n d ic u la r ly  from p lan e  o f  comm issure to  
e x te r io r  o f  d is c  a long  m edial l i n e ;  and h inge  le n g th  (HL) were made as 
shown in  f ig u re  5a .
CONVEXITY: The r a t i o  o f  i n f l a t i o n  to  h e ig h t  was computed as an
e x p re s s io n  o f v a lv e  c o n v e x ity .
NUMBER OP RIBS AND EAR STRIATIONS: Counts were made o f  th e
e x te r n a l  r i b s  on the  d is c  and o f  the  a n te r io r  and p o s te r io r  e a r  s t r i a -  
t io n s .  A ll  prom inent e x te rn a l  r a d i a l  r id g e s  on th e  d is c  observed  a t  
15x m a g n if ic a tio n  a t  2 cm from th e  beak  (o r  a t  th e  v e n t r a l  m argin  o f 
th e  s h e l l ,  i f  th e  in d iv id u a l  was sm a lle r )  were coun ted  as r i b s .  A ll 
d i s c e r n ib le  r a d i a l  r id g e s  on th e  e a r s  observed a t  15x m a g n if ic a tio n  
were coun ted  as e a r  s t r l a t i o n s .
ADULT RIB SCULPTURE: R ibs a t  th e  v e n t r a l  m argin  a re  smooth ( b - a ) ,
u n i l i r a t e  (b -b ) ,  o r t r i l i r a t e  (b -c )  as shown in  f ig u re  5b. In  those  
p ec ten s  In  w hich r i b  s c u lp tu re  changes o n to g e n e tic a l ly  (specim ens from
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L o u is ia n a , M is s i s s ip p i ,  and w este rn  A labam a), age must be e s ta b l is h e d  
b e fo re  th e  s ta g e  o f  a d u lt  r i b  s c u lp tu re  can be re c o g n ise d . Age cannot 
be dete rm ined  by growth l in e s  because much o f th e  m a te r ia l  lack s  
prom inent grow th l i n e s .  Hence s i z e ,  even though i t  i s  in  p a r t  e n v iro n ­
m e n ta lly  c o n t r o l le d ,  i s  th e  on ly  a v a i la b le  c h a ra c te r  app rox im ating  ag e . 
The p rocedure  adopted  was to  c o n s id e r  v a lv e s  sm a lle r  in  h e ig h t than  16 
nsn (h e ig h t o f  s m a lle s t  in d iv id u a l  having  an advanced r i b  s c u lp tu r a l  
ty p e) n o n -a d u lt .  Though th e re  i s  an in c re a s e  s t r a t i g r a p h l c a l ly  in  mean 
h e ig h t o f n e a r ly  2 mm, a s ta n d a rd  v a lu e  was used fo r  the  e n t i r e  P. 
p e rp la n u s  s to c k .
CONCENTRIC LAMELLAE: D iffe re n c e s  in  the  sp ac in g  o f c o n c e n tr ic
la m e lla e  were d e fin e d  as c o a rse  lam e llae  ( e .g .  £ .  howei m artR nnansls , 
p i .  4 , f i g .  1) o r f in e  lam e llae  ( e .g .  P. howei how ei. p i .  5 , f i g .  1 ) .
PROMINENCE OP EAR STRIATIONS: Ear s t r l a t i o n s  a re  e i t h e r  prom inent
( e .g .  P. p e rp la n u s  b y ram en sis . p i .  3 , f i g .  8) o r f a in t  to  ab sen t ( e .g .
P. howei m a rla n n e n a la . p i .  4 , f i g .  1 ).
Taxonomic E v a lu a tio n  o f  C h a rac te rs  
G eneral
A ll  observed  m orpho log ica l c h a ra c te r s  were e v a lu a te d  to  de te rm ine  
t h e i r  taxonom ic s ig n i f ic a n c e .  Taxonom icaily  u s e fu l  c h a ra c te r s  a re  
th o se  which change m easurab ly  o r o b se rv ab ly  in  a  p a t t e r n  o f tre n d  no t 
j u s t  f l u c tu a t io n ,  and th e r e f o re  can  be r e l a te d  to  more th an  env ironm en ta l 
c o n t r o l .  Trends can be rec o g n ize d  as s e q u e n t ia l  changes in  mean v a lu e s  
o f q u a n t i t a t iv e  c h a r a c te r s  o r in  frequency  o f occu rren ce  o f  q u a l i t a t iv e  
c h a r a c te r s  w hich show a c lo s e r  r e l a t i o n  to  s t r a t ig r a p h y  (tim e) th an  to
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l i th o lo g y  o r geography and which may o r may n o t be o n to g e n e tlc a l ly  
r e c a p i tu la t e d .
E x te rn a l s c u lp tu r e ,  s i z e ,  c o n v e x ity , and r i b  number fo r  th e  P. 
p e rp la n u s  s to c k  were e v a lu a te d  s e p a r a te ly .  The d i s t r i b u t i o n  o f  saaiple 
mean v a lu e s  o r sam ple p ro p o r tio n s  o f s c u lp tu r a l  v a r ia n ts  were p lo t te d  
on a s t r a t i g r e p h ic  c r o s s - s e c t io n a l  d iagram ; th e  p lo ts  were in sp e c te d  
fo r  t r e n d s ,  and p o s s ib le  l l t h o lo g ic  o r geograph ic  a s s o c ia t io n s  were 
te s te d  by c h i  sq u a re .
E x te rn a l S c u lp tu ra l  Types
A dult r i b  s c u lp tu r e ,  c o n c e n tr ic  lam e llae  sp a c in g , and prom inence 
o f  e a r  s t r i a t l o n s  occur in  on ly  f iv e  com binations in  a l l  o f  th e  v a lv es  
exam ined:
a  - r i b s  sm ooth, c o n c e n tr ic  lam e llae  c o a rs e , e a r  s t r i a t l o n s  
prom inent to  f a i n t .
b - r i b s  u n i l i r a t e ,  c o n c e n tr ic  la m e lla e  c o a r s e ,  e a r  s t r i a t l o n s  
p ro m in en t.
c - r i b s  t r i l i r a t e ,  c o n c e n tr ic  lam ellae  c o a r s e ,  e a r  s t r i a t l o n s  
p rom inen t.
d - r i b s  u n i l i r a t e ,  c o n c e n tr ic  lam e llae  c o a r s e ,  e a r  s t r i a t l o n s  
f a i n t  to  a b s e n t .
e - r i b s  u n i l i r a t e  o r sm ooth, c o n c e n tr ic  lam e llae  f in e ,  e a r  
s t r i a t l o n s  f a i n t  to  a b s e n t.
Valves o f types ( a ) ,  ( b ) ,  and (c ) a re  e s s e n t i a l l y  g e o g ra p h ic a lly  
se p a ra te d  from v a lv e s  o f  types (d) and ( e ) .  The form er, found m ainly
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in  L o u is ia n a , M is s is s ip p i ,  and w este rn  Alabama, a re  r e f e r r e d  to  S e r ie s  
a lp h a ; the  l a t t e r ,  found m ainly  in  so u th  c e n t r a l  Alabama and panhandle 
F lo r id a ,  a re  r e f e r r e d  to  s e r i e s  b e ta .  Trends in  a d u lt  s c u lp tu r a l  types 
a re  d isc u sse d  s e p a ra te ly  fo r  the  two s e r i e s .
SERIES ALPHA: Sample p ro p o rtio n s  o f  s c u lp tu r a l  types fo r  b o th
l e f t  and r i g h t  v a lv e s  show the  fo llo w in g  r e l a t i o n s h ip s ,  f ig u re  6,
(d a ta  In  Appendix E):
(1) a g e n e ra l s e q u e n t ia l  change v e r t i c a l l y  in  dominance from
(a) to  (b) to  ( c ) ,
(2) an absence o f l a t e r a l  v a r i a t io n  in  the  p ro p o r tio n s  of 
r i g h t  va lve  s c u lp tu r a l  types a t  any g iv en  s t r a t ig r a p h lc  
le v e l  fo r  sam ples from th e  upper p a r t  o f  the  s e c t io n  
(above th e  m iddle o f th e  Mint S pring  -  M arianna) bu t no t 
from th e  lower p a r t ,
(3) a  d i f f e r e n c e  in  p ro p o r tio n s  o f s c u lp tu r a l  types (b) and 
(c) in  l e f t  and r i g h t  v a lv e s  ( s ig n i f i c a n t  a t  .01 le v e l ,  
c h i- s q u a re  t e s t  I ,  Appendix F) from th e  Glendon-Byram o f 
n o r th e a s te rn  L o u is ian a  and w e ste rn  M is s is s ip p i .
A lthough th e  d a ta  show s e q u e n t ia l  v e r t i c a l  change in  the  r e l a t i v e  
p ro p o r tio n s  o f r i g h t  v a lv e  s c u lp tu r a l  v a r ia n ts  ( a - c ) , some o f  th e
sam ples were sm all ( le s s  th an  6 ) .  To e v a lu a te  th e  e f f e c t  o f  sample
/
s iz e  on th e  I d e n t i f i c a t i o n  o f th e  t r e n d ,  95 p e rc e n t co n fid en ce  l i m i t s 1
N in e ty - f iv e  p e rc e n t co n fid en ce  l im i ts  were de te rm ined  from th e  
c h a r t  o f C lopper and Pearson reproduced  in  McCarthy (1957, p. 201) fo r  
a l l  th e  sam ples o f  s i z e  g r e a te r  th an  9 . Where sam ple s i z e  was le s s  
th an  10, th e  ta b le s  from Owen (1962, p . 273-285) w ere u se d . In  o rd e r  
to  use th e  b in o m ia l, th e  observed  p e rc en ta g es  o f  th e  th re e  r i b  s c u lp ­
t u r a l  c a te g o r ie s  were c o n s id e re d  in d iv id u a l ly  as one v e rsu s  " th e  r e s t "  
( a f t e r  S y Iv e s te r-B ra d le y , 1958, p . 222 ).
M it t .  I A la
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In  L o u is ia n a , M is s is s ip p i ,  and w este rn  Alabama, a re  r e f e r r e d  to  s e r i e s  
a lp h a ; the  l a t t e r ,  found m ainly In sou th  c e n t r a l  Alabama and panhandle 
F lo r id a , a re  r e f e r r e d  to  s e r ie s  b e ta . Trends In  a d u lt  s c u lp tu r a l  types 
a re  d isc u sse d  s e p a ra te ly  fo r  the two s e r i e s .
SERIES ALPHA: Sample p ro p o rtio n s  o f s c u lp tu r a l  types fo r  both
l e f t  and r i g h t  v a lv es  show the  fo llo w in g  r e l a t io n s h ip s ,  f ig u re  6,
(d a ta  in  Appendix E):
(1) a  g e n e ra l s e q u e n tia l  change v e r t i c a l l y  in  dominance from
(a) to  (b) to  ( c ) ,
(2) an absence o f l a t e r a l  v a r ia t io n  in  the  p ro p o rtio n s  o f 
r i g h t  v a lve  s c u lp tu r a l  types a t  any g iven  s t r a t ig r a p h ic  
le v e l  fo r  sam ples from th e  upper p a r t  o f the  s e c t io n  
(above th e  m iddle o f the  Mint Spring  - M arianna) b u t not 
from the  lower p a r t ,
(3) a d i f f e r e n c e  in  p ro p o rtio n s  of s c u lp tu r a l  types (b) and
(c) In  l e f t  and r i g h t  v a lv es  ( s ig n i f ic a n t  a t  .01 le v e l ,  
c h i-s q u a re  t e s t  I ,  Appendix F) from the  Glendon-Byram of 
n o r th e a s te rn  L ou is iana  and w este rn  M is s is s ip p i .
A lthough the  d a ta  show s e q u e n tia l  v e r t i c a l  change in  the  r e l a t i v e  
p ro p o r tio n s  o f  r i g h t  v a lv e  s c u lp tu r a l  v a r ia n ts  ( a - c ) , some o f  the  
sam ples were sm all ( le s s  than  6 ) . To e v a lu a te  th e  e f f e c t  o f sample 
s iz e  on the  i d e n t i f i c a t i o n  o f th e  t re n d , 95 p e rc en t con fidence  l im its ^
^ N in e ty -f iv e  p e rc e n t con fidence  l im i ts  were determ ined  from the  
c h a r t  o f C lopper and Pearson reproduced in  McCarthy (1957, p . 201) fo r  
a l l  th e  sam ples o f  s iz e  g r e a te r  than  9. Where sample s iz e  was le s s  
than  10, the  ta b le s  from Owen (1962, p . 273-285) were u sed . In  o rd e r 
to  use th e  b in o m ia l, th e  observed p e rcen tag es  o f the  th re e  r i b  s c u lp ­
tu r a l  c a te g o r ie s  were co n sid e red  in d iv id u a l ly  as one v e rsu s  " th e  r e s t "  
( a f t e r  S y lv e s te r -B ra d le y , 1958, p . 222).
Mi»s. > A la
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o f  the  p o p u la tio n  p ro p o r tio n s  were computed (appendix E) and i l l u s t r a t e d  
( f ig u re s  7 and 8) fo r  two l o c a l i t i e s ,  S t .  S tephens , Alabama ( s e c t io n  
0 8 ), and V icksburg , M is s is s ip p i  (com posite s e c t io n  0 1 ) , s e le c te d  fo r 
the  abundance o f  p e c te n s , com pleteness o f  exposed s e c t io n ,  and in c lu ­
s iv e n e ss  o f t o t a l  v a r i a t io n  in  e x te r n a l  s c u lp tu re .
The computed r e l a t i v e  p ro p o r tio n  o f  each s c u lp tu r a l  type and i t s  
determ ined  95 p e rc e n t co n fid en ce  I n te r v a l  a re  shown fo r  each sample in  
ta b u la r  form by p e rcen tag es  and g ra p h ic a l ly  by v a r i a t io n  d iag ram s. At 
S t .  S tephens ( f ig u re  7 ) , su c c e ss iv e  p o p u la tio n  p ro p o rtio n s  change 
s e q u e n t ia l ly  from dom inantly  s c u lp tu r a l  type (a )  to  (b) to  ( c ) ,  w hereas 
a t  V icksburg ( f ig u re  8) th e  same p a t te r n  o f  change i s  o b se rv ed , b u t 
s c u lp tu r a l  type (a )  i s  a b se n t.
I f  the  r ib  developm ent o f  the  p ec ten s from the s t r a t i g r a p h l c a l ly  
youngest b ed s , a t  S t .  S tephens, Alabama ( f ig u re  7, sample 09) i s  
exam ined, i t  Is  noted  th a t  the  r ib s  from the beak to  the  v e n tr a l  
m argin pass from smooth to  u n i l i r a t e  to  t r i l i r a t e  r ib b ed  s ta g e s .  This 
i s  a r e p e t i t i o n  o f  the su c c e ss iv e  s ta g e s  o f  r i b  s c u lp tu r a l  types 
observed in  the  a lp h a  s e r i e s  a t  S t .  S tephens and i s  an example o f 
o n to g e n e tic  r e c a p i tu la t io n  o f phytogeny.
SERIES BETA: 3a; / l e  p ro p o r tio n s  o f  s c u lp tu r a l  types were combined
fo r  l e f t  and r i g h t  v a lv es  in  t h i s  s e r ie s  as th e re  i s  no s ig n i f ic a n t  
d if f e re n c e  betw een v a lv e s  (as de term ined  by c h i-s q u a re  t e s t ) .  The 
s t r a t lg r a p h ic  d i s t r i b u t i o n  o f th e  p ro p o r tio n s  ( f ig u re  9, d a ta  in  
appendix E) shows the  fo llo w in g  r e l a t io n s h ip s :
(1 ) a g e n e ra l s e q u e n t ia l  change v e r t i c a l l y  from (a )  to  (d) 
to  ( e ) ,
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F ig u re  7 . S e q u e n tia l  change In  s c u lp tu r a l  ty p e  p ro p o r tio n s  In  s e r i e s  
a lp h a :  S t .  S te p h en s , Alabama ( s e c t io n  0 8 ) . E x p la n a tio n  o f  v a r i a t i o n  
d iagram : 1) s c u lp tu r a l  ty p e  p ro p o r t io n  shown by w ide l i n e  a s  p e rc e n ta g e  
o f  a x is  le n g th  from  Ju n c tio n }  2) 95X co n fid en ce , l im i t s  o f  th e  p ro p o r tio n s  
shown by s h o r t  l in e s  p e rp e n d ic u la r  to  th e  a x e s .
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Figure 8. S equen tia l change in  s c u lp tu ra l  type p ro p o rtio n s  in  s e r ie s  
a lp h a : V icksburg, M iss iss ip p i (com posite s e c tio n  0 1 ). ex p la n a tio n  of
v a r ia t io n  diagram : 1) s c u lp tu ra l  type p ro p o rtio n  shown by wide l in e  as
percen tage  o f a x is  len g th  from ju n c tio n ; 2) 951 confidence  l im i ts  o f the 
p ro p o rtio n s  shown by sh o r t l in e s  p e rp en d icu lar to  the  ax es.
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(2) l a t e r a l  v a r ia t io n  in  p ro p o rtio n s  o f s c u lp tu ra l  types
(d ) and (e )  a t  the  same s t r a t ig r a p h ic  le v e l .
The 95 p e rc e n t con fidence  l im i ts  o f the p o p u la tio n  p ro p o rtio n  
computed (appendix  E) and i l l u s t r a t e d  ( f ig u re  10) fo r  a com posite 
s e c t io n  (M arianna, F lo r id a , s e c t io n  18 and Me G ovin1s b r id g e , Alabama, 
s e c t io n  13) a ls o  show a s e q u e n tia l  change in  r i g h t  va lve  a d u lt  
s c u lp tu r a l  types (a , d , e ) fo r  s t r a t i g r a p h i c a l ly  arranged  sam ples.
A dult s c u lp tu r a l  types in  the  P. pe rp lan u s s to c k  show s e q u e n tia l  
( s t r a t ig r a p h ic )  change in  a l l  s e c tio n s  ana lyzed . For r i g h t  v a lv e s , the  
change i s  c o n s is te n t  and can be reco g n ized  in  s p i t e  o f v a r ia t io n s  due 
to  l i th o lo g y  and geography. T h ere fo re  a d u lt  s c u lp tu re  i s  taxonom ically  
u s e fu l ,  and in d iv id u a l  whole pectens can be c h a ra c te r iz e d  on the  b a s is  
o f  t h e i r  r i g h t  v a lv e  a d u lt  s c u lp tu re  as morphotype A, B, C, D, and E. 
M orphological r e la t io n s h ip s  and s e q u e n t ia l  rep lacem ent o f dominant 
morphotypes a re  shown in  f ig u re  11.
S ize
For the  whole P. pe rp lan u s s to c k  th e re  i s  a  h ig h ly  s ig n i f i c a n t  
c o r r e la t io n  between h e ig h t and le n g th , h e ig h t and hinge le n g th , and 
h e ig h t and i n f l a t i o n  ( ta b le  1 ) , and w ith in  a l l  taxa  excep t the  s p a rs e ly  
re p re se n te d  P. h . how ei, c o r r e la t io n s  a re  s ig n i f ic a n t  ( a t  the  .05 le v e l)  
between h e ig h t and le n g th , h inge le n g th , and in f l a t i o n  ( ta b le  2 ) .
Hence h e ig h t a lone  i s  used to  c h a ra c te r iz e  s iz e .
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SEQUENTIAL C H A N G E  IN  RIGHT VALVE  
SCULPTURAL TYPES-SERIES BETA
SCULPTURAL TYPES ' (A, dte)VARIATION DIAGRAMS
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Figure  10. S eq u en tia l change in  s c u lp tu ra l  type p ro p o rtio n s  in  s e r ie s
b e ta : Composite s e c tio n  (M arianna, F lo r id a , s e c tio n  18 and McGowln's 
b r id g e , Alabama, s e c tio n  13). E xp lana tion  o f v a r ia t io n  diagram : 1) 
s c u lp tu ra l  type p ro p o rtio n  shown by wide l in e  as percen tage  o f a x is  
len g th  from ju n c tio n ; 2) 9 5 7 . confidence  l im its  o f the p ro p o rtio n s  shown 
by sh o r t  l in e s  p e rp e n d icu la r  to  the  axes.
Morphotypes
RIBS TRI L I RATE -  LAME L L AE C O A R S E  
- E A R  S T R I A T I O N S  P R O M I N E N T
RIBS S M O O T H  OR U N I L I R A T E  -  L A M E L L A E  
F I N E -  EAR S T R I A T I O N S  F A I N T  T O  A B S E N T
\
RIBS U N I L I R A T E  -  L A M E L L A E  C O A R S E  
E A R  S T R I A T I O N S  P R O M I N E N T
RIBS U N I L I R A T E  -  L AMELLAE C O A R S E -  
EAR S T R I A T I O N S  F A I N T  TO A B S E N T
\
1/
RIBS S M O O T H  -  L A M E L L A E  C O A R S E  - 
EAR S T R I A T I O N S  P R O M I N E N T  TO F A I N T
Figure 11
TABLE 1: CORRELATION BETWEEN VARIATES -
PECTEN PERPLANUS STOCK *
H. vs L. H. vs HL. H. vs I .  r t .  v . H. vs I .  I f .  v. H. vs Ribs r t .  v . I .  vs Ribs r t .  v .
n 1906 949 544 1340 534 539
x i 21.18 21.13 22.15 20.79 22.04 6.25
ix
21.91 13.20 6.30 3.02 18.79 18.79
S.D.^ 5.04 5.16 5.45 4.86 5.44 2.36
S.D-2 5.39 3.11 2.34 0.98 0.12 0.12
COR. COEF. 0.9919 0.9276 0.7589 0.8610 0.1678 0.1256
(Values o f c o r re la t io n  c o e f f ic ie n t  s ig n i f ic a n t  a t  even IX le v e l)  David, F. N., 1954, Chart I I  
* Exclusive of Chickasawhay Ls.
N>
00
TABLE 2: CORRELATION BETWEEN VARIATES
WITHIN TAXA - PECTEN PERPLANUS STOCK
H. vs L. H. vs HL.
H. vs 
I .  r t .  v.
H. vs 
I .  I f .  v.
K. vs 
Ribs r t .  v.
H. vs 
Ribs l f . v .
n -  339 n -  152 n ■ 101 n -  255 n -  95 n =■ 231
P. p . perplanus r  -  0.992 r  -  0.887 r  -  0.905 r  -  0.563 r  -  - 0 .112a r  -  -0.151
n -  715 n -  380 n “ 160 n » 557 n -  150 n -  519
P. p. poulsoni r  -  0.993 r  -  0.926 r  -  0.771 r  ■ 0.806 r  ■ 0.038 r  -  0.251
n -  729 n -  353 n * 244 n -  452 n -  249 n « 468
P. p. byramensis r  -  0.992 r  -  0 .y5 / r  -  0.785 r  -  0.920 r  -  0.270 r  -  0 .089a
n -  112 n * 61 n -  35 n -  79 n » 35 n » 67
P. h . m ariannensis r  -  0.994 r  -  0.969 r  -  0.904 r  = 0.840 r  = 0.0504 r  * 0.006a
n -  13 n -  3 n » 5 . n ■ 8 n ” 5 a n -  8P. h . howei r  -  0.996 r  -  0 . 977a r  -  0.957 r  ■* 0.520a r  -  -0877 r  -  0.521a
------  1
r  » c o r re la t io n  c o e f f ic ie n t  ^ s ig n if ic a n t  a t  5X le v e l ,  but no t s ig n if ic a n t
1 a t  IX le v e l
exclusive  of Chickasawhay Ls.
(values of r  w ithout sp e c ia l d e sig n a tio n  
no t s ig n i f ic a n t  a t  5X le v e l s ig n i f ic a n t  a t  even IX le v e l)
n = sample s iz e  S ig n ifican ce  of r  from F isher and Y ates, 1953,
tab le  VI and David, F. N ., 1954, c h a r t I I .
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The d i s t r ib u t io n  o f sample mean h e ig h ts  in  s e r ie s  a lp h a  ( f ig u re  
12) shows the  fo llow ing  r e la t io n s h ip s :
(1) In  n o n d e tr i ta l  f a c ie s  o f M iss is s ip p i and Alabama th e re
i s  a g e n e ra l in c re a se  in  h e ig h t upward s t r a t i g r a p h i c a l ly .  
However, in  the  o v e rly in g  d e t r i t a l  f a c ie s  (Bucatunna 
C lay) th e re  i s  a tren d  r e v e r s a l .
(2) Mean h e ig h ts  in  the  n o n d e tr i ta l  fa c ie s  o f M iss is s ip p i 
and Alabama a re  g r e a te r  than  those  in  the  im m ediately 
p reced ing  and succeed ing  d e t r i t a l  beds ("F o re s t  H i l l " -  
Red B lu ff and Bucatunna C la y ).
(3) In  the  d e t r i t a l  f a c ie s  o f  L o u is ian a  and w este rn  M iss is s ip p i 
no v e r t i c a l  tren d  i s  a p p a re n t.
(4) In  the  Mint Spring-M arlanna and Glendon-Byram in te r v a l s ,  
th e re  appears to  be a  d i f f e r e n c e  in  mean h e ig h t between 
d e t r i t a l  and n o n d e t r i ta l  f a c ie s  w ith  th e  d if f e r e n c e  being  
g r e a te r  fo r  the  Glendon-Byram.
In  o rd e r to  e v a lu a te  th ese  r e l a t io n s h ip s ,  t e s t s  o f a s s o c ia t io n  
were made between h e ig h ts  o f  a l l  specim ens o f  s e r i e s  a lp h a  l i s t e d  in  
appendix D (no t J u s t  means) and s t r a t lg r a p h lc  u n i t s .  The s ig n if ic a n c e  
o f the  t e s t s ,  the d a ta  o f which a re  g iven  in  appendix F, a re :
(1) Red B lu ff  v e rsu s  Marianna ----  s ig n i f i c a n t
(2) M arianna v e rsu s Mint S pring  ----  no t s ig n i f ic a n t
' ‘Samples inc lude  a l l  specim ens (com plete o r incom plete) in  which 
h e ig h t was m easurab le . Sample s iz e  i s  g r e a te r  than  15 ex cep t where 
in d ic a te d  by an a s t e r i s k .  Mean sample s iz e  e q u a ls  3 3 .6 .
A la.M is s .La
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(3) D e t r i t a l  v e rsu s  n o n d e tr i ta l  fo r  th e  Glendon-Byram in te r v a l  
  s ig n i f i c a n t
(4) N o n d e tr i ta l  Glendon-Byram v e rsu s  Bucatunna - - -  s ig n i f i c a n t
(5) M arianna v e rsu s  n o n d e t r i ta l  Glendon-Byram ----  s ig n i f ic a n t
I t  i s  concluded th a t  h e ig h t In c re a se s  s t r a t l g r a p h l c a l ly  as a 
re c o g n iz a b le  tren d  in  the  n o n d e t r i ta l  f a c ie s ,  bu t th a t  i t  shows f lu c ­
tu a t io n s  a s s o c ia te d  w ith  l i th o lo g ic  d i f f e r e n c e s .  M oreover, changes 
a re  sm all compared w ith  v a r i a b i l i t y  w ith in  u n i t s ,  so h e ig h t Is  no t an 
e a s i ly  a p p lie d  taxonomic c r i t e r i o n .
Convexity
An approx im ation  o f va lve  co n v ex ity  was o b ta in ed  by c a lc u la t io n  of 
th e  I:H  v a lu e  fo r  a l l  v a lv e s  (com plete and m easurable f rag m e n ts ) . As 
pec ten s a re  u n eq u a lly  b iconvex , r i g h t  and l e f t  v a lv es  a re  co n sid ered  
s e p a r a te ly .
The d i s t r i b u t i o n  o f mean I:H  r a t i o s  fo r  r i g h t  v a lv e s  in  s e r ie s  
a lp h a  shows the  fo llo w in g  r e la t io n s h ip s  ( f ig u re  13):
(1) At a l l  s e c t io n s  th e re  i s  a  g e n e ra l in c re a s e  in  the  mean 
1:H v a lu es  s t r a t l g r a p h l c a l ly  to  n ear th e  base o f the  
Glendon Limestone where a r e v e r s a l  o c c u rs .
(2) In  the  o v e rly in g  Bucatunna C lay , th e re  i s  perhaps a tren d  
toward an in c re a s e .
(3) There appears to  be a d if f e r e n c e  in  r i g h t  v a lv e  mean X;H 
v a lu es  between Red B lu ff  C lay and M arianna L im estone, between 
M arianna Lim estone and Mint S pring  M arl, p o s s ib ly  between
AlaM i s s .
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detrital and nondetrital facies of the Glendon-Byram 
interval, and possibly between nondetrital facies of 
the Glendon-Byram and the Bucatunna Clay.
Tests of association between right valve I:H values for all 
specimens of series alpha given in appendix D (not just mean values) 
and stratigraphic units are listed below. Data for the tests are 
given in appendix F.
(1) Red Bluff versus Marianna --- significant
(2) Mint Spring versus Marianna -- significant
(3) Detrital versus nondetrital for the Glendon-Byram interval 
--- not significant
(4) Mint Spring versus detrital Glendon-Byram -- significant
(5) Marianna versus nondetrital Glendon-Byram --- not 
significant
(6) Nondetrital Glendon-Byram versus Bucatunna Clay --- not
significant
It is concluded that convexity, as approximated by the inflation 
to height ratio, in right valves of series alpha increases stratigra- 
phically with at least one reversal. However, the trend is associated 
with pronounced lithologlc changes, and the differences are too small 
to be useful taxonomically.
Mean left valve I;H ratios for series alpha are distributed as 
shown in figure 14. The following relationships are discernible:
(1) Except in the Marianna Limestone, mean I:H ratios increase 
in each section stratlgraphlcally upward.
B U T I O N  O F  M E A N  I : H  V A L U E S
MlSS •
L E F T  VALVES -  S E R I E S  A L P H A
• - l1 °
Bu = B ucatunna C lay  
By = Byram M arl 
G = G lendon  L im estone  
MS ~ M int Spring M arl 
M = M arian n a  L im estone 
RB = Red Bluff
For s a m p le s  of s iz e  l e s s  th an  14 
+ = 9 to  13 
* = l e s s  th a n  9
M ile s  
V. E.  = 9000 X
Figure 14
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(2) Trends o f change in  l e f t  v a lv e  c o n v ex ity  as shown by 
co n to u r l in e s  rough ly  p a r a l l e l  fo rm atio n a l changes in  
e a s te r n  M is s is s ip p i  and Alabama b u t seem to  fo llow  
fa c ie s  d i f f e r e n c e s  in  w este rn  M is s is s ip p i .
(3) There appears to  be a  d if f e r e n c e  betw een v a lu es  fo r  
Bucatunna Clay and n o n d e tr i ta l  f a c ie s  o f  th e  Glendon- 
Byram, between v a lu e s  fo r  d e t r i t a l  and n o n d e tr i ta l  f a c ie s  
o f the  Glendon-Byram i n te r v a l ,  between v a lu e s  fo r  non­
d e t r i t a l  Glendon-Byram and M arianna, p o s s ib ly  between 
M arianna and Mint S p rin g , p o s s ib ly  betw een Mint S p ring  
and d e t r i t a l  f a c ie s  o f  the Glendon-Byram i n t e r v a l ,  and 
p o ss ib ly  betw een M arianna and Red B lu f f .
T es ts  o f  a s s o c ia t io n  between l e f t  v a lv e  1:H v a lu e s  fo r  a l l  specim ens 
o f  s e r ie s  a lp h a  g iven  in  appendix D (n o t j u s t  means) and s t r a t ig r a p h ic  
u n i ts  a re  l i s t e d  below . Data fo r  the  t e s t s  a re  g iven  in  appendix  f .
(1) Bucatunna Clay v e rsu s  n o n d e tr i ta l  Glendon-Byram ----
s ig n i f ic a n t
(2) D e t r i t a l  v e rsu s  n o n d e tr i ta l  fo r  the  Glendon-Byram ----
s ig n i f i c a n t
(3) N o n d e tr i ta l  Glendon-Byram v e rsu s  M arianna   s i g n i f i c a n t
(4) Marianna v e rsu s  Mint S p ring  -----  n o t s i g n i f i c a n t
(5) Mint S pring  v e rsu s  d e t r i t a l  Glendon-Byram   no t
s ig n i f ic a n t
(6) M arianna v e rsu s  Red B lu ff  - - -  s i g n i f i c a n t
Except fo r  some r e v e r s a ls  in  the  M arianna Lim estone th e re  seems 
to  be a g e n e ra l tren d  toward an in c re a s e  in  l e f t  va lve  co n v ex ity
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s t r a t i g r a p h i c a l l y . The v a r i a t io n  In  c o n v ex ity  I s ,  a t  l e a s t  in  p a r t ,  
a s s o c ia te d  w ith  l i th o lo g y  and geography; and as the t o t a l  num erica l 
range o f v a r ia t io n  i s  so  sm a ll , c o n v ex ity  in  the  l e f t  v a lv e  i s  o f  l i t t l e  
use tax o n o m ica lly .
Rib Number
Mean r i b  number Jn l e f t  and r i g h t  v a lv e s  shows no p e r s i s t e n t  tren d  
s t r a t i g r a p h i c a l ly  as in d ic a te d  by a s e r i e s  o f  sam ples from S t .  S tephens, 
Alabama ( ta b le  3 ) ,  and th e  num erica l d i f f e r e n c e s  a re  too  sm all to  be 
u se fu l  tax o n o m ica lly .
TABLE 3: WAN RIB NUMBER VALUES OBSERVED IN SAMPLES FROM ST. STEPHENSt ALABAMA
LEFT VALVES RIGHT VALVES
FORMATION Subsample Subsample
A B COMBINED A B COMBINED
Sample_______ X_____ n______X_____ n_______ X_____ n_______ X_____n X_____n_______ X_____n
BYRAM
MARL 09 19.25 20 19.29 21 19.27 41 19.72 25 19.63 27 19.67 52
GLENDON 08 20.00 26 19.67 27 19.84 53 19.92 13 19.90 10 19.91 23
L IhES TONE
05-07 19.75 16 -- 19.75 16 19.45 11 ------- - - 19.45 11
04 18.03 36 18.16 38 18.10 74 17.73 11 17.86 9 17.79 20
MARIANNA
03 17.44 36 17.14 42 17.28 78 17.17 6 17.50 4 17.30 10
LIMESTONE
02 18.06 34 18.18 33 18.12 67 17.83 6 17.50 8 17.64 14
RED BLUFF 01 17.91 35 18.00 34 17.95 69 18.00 15 18.25 16 18.18 31




The ch ro n o -sp ec ie s  concept i s  accep ted  h ere  as the  b a s is  fo r  
c la s s i f y in g  the  Feeten  perp lan u s s to c k . M orphotypes, re c o g n iz a b le  by 
a d u lt  r i g h t  va lve  s c u lp tu re , a re  the im portan t v a r ia n ts  w ith in  the  
p o p u la tio n s ; b u t they  can no t be the  so le  b a s is  fo r  e re c t in g  b io -  
s p e c i f ic  o r b io s u b s p e c if ic  ta x a . Nor can  s e r i e s  a lp h a  and b e ta  
(p h y le t ic  s e r i e s  or c l in e s  o f p o p u la tio n s )  be c o n s id e re d  taxa  because 
they  a re  n o t m u tu a lly  e x c lu s iv e , bo th  in c lu d in g  as they  do p o p u la tio n s  
in  which morphotype (A) i s  dom inant.
The p o p u la tio n s , whose c h a ra c te r s  a re  in f e r r e d  from the  sam ples 
a v a i la b le ,  have been grouped in to  sp e c ie s  and su b sp ec ie s  on th e  b a s is  
o f  s t r a t ig r a p h ic  and geograph ic  d i s t r ib u t io n s  o f  m orphotypes ( f ig u re  
1 5 ). As the changes in  morphotype p ro p o r tio n s  fo llow  g rad u a l tre n d s  
o r c l i n e s ,  b o th  g e o g ra p h ic a lly  ( to p o c lin e  and s t r a t i g r a p h i c a l ly  
c h ro n o c l in e ) , an a r b i t r a r y  c r i t e r i o n  o f s e p a ra t io n  was employed, namely 
the  50 p e rc e n t l in e  betw een p o p u la tio n s  co m p le te ly  dom inated by 
d i f f e r e n t  su c c e ss lo n a l m orphotypes.
In  o rd e r to  ren d e r the tax a  m u tu a lly  e x c lu s iv e , the  fo llo w in g  
l im i ts  were used :
Taxon 1 * g r e a te r  than  50% of morphotype A 
(P. £ . p e rp la n u s)
Taxon 2 ” 50% o r g r e a te r  o f morphotype B 
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Taxon 3 *■ g r e a te r  than  5OX of morphotype C 
(P . £ . by ram entia)
Taxon 4 " SOX or g r e a te r  o f morphotype D 
(P. h . m arian n en a ls)
Taxon 5 * g r e a te r  th an  SOX o f morphotype E 
(P. h . howei)
The though t of hav ing  such an extrem e range w ith in  a taxon a t  
(50X morphotype A - 50X morphotype B) to  (SOX morphotype B - 50X 
morphotype C) may seem alarm ing  and Im p ra c tic a l .  However, the  number 
o f  sam ples having  le s s  than  75X o f a  dom inant morphotype I s  ve ry  sm all 
( f ig u re  15). Areas I I ,  IV, and V II I , which c o n ta in  in te rm e d ia te  
p o p u la tio n s  w ith  th e  dom inant morphotype c o n tr ib u t in g  le s s  th an  7SX, 
a re  le s s  than  10 f e e t  th ic k  a t  any o u tc ro p . A lthough in te rm e d ia te  
p o p u la tio n s  cause some problem s in  c l a s s i f i c a t i o n ,  t h e i r  very  p resence  
lends su p p o rt to  the  e v o lu tio n a ry  n a tu re  o f th e  sequence o f sam ples.
As a  t e s t  to  e v a lu a te  w hether o r n o t the  tax a  as d e fin e d  above 
were s u f f i c i e n t l y  d i f f e r e n t  from o th e rs  in  th e  same s e r i e s ,  the  
techn ique  su g g ested  by S y lv e s te r -B ra d le y  (1958) fo r  the  th e o r e t i c a l  
d is c r im in a t io n  o f su b sp ec ies  was a p p lie d  to  the  d a ta  from a l l  l o c a l i ­
t i e s  combined (appendix  E ).
Three c o n s id e ra tio n s  were made in  d e te rm in in g  the  ran k  o f  the 
tax a  d e lim ite d  above. F i r s t ,  th e  d i s t r i b u t i o n a l  p a t t e r n  was s c ru t in iz e d  
fo r  ev idence  o f  s p e c ia t io n  (achievem ent o f  re p ro d u c tiv e  i s o l a t i o n ) .  
Second, gaps o r s a l t a t i o n s  in  th e  rec o rd  were taken  as c o n v e n ie n t, b u t 
a r b i t r a r y  p la c e s  fo r  d iv id in g  ch ro n o lo g ic  s p e c ie s .  And t h i r d ,  the 
s m a lle s t  d iv is io n s  o f the  c l in e s  were g iv en  su b s p e c if ic  ran k .
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R eproductive  i s o l a t i o n  betw een s e r ie s  a lp h a  and b e ta  o f the  P. 
p e rp lan u s s to c k  appears to  have been e s ta b l is h e d  p r io r  to  the d e p o s itio n  
o f  the  Byram M arl. In  so u th  c e n t r a l  Alabama ( l o c a l i t i e s  14 and 15), 
th e  geograph ic  ranges o f the  two s e r ie s  o v e r la p , b u t th e  in d iv id u a ls  in  
th e se  sam ples shew no m orphologic ev idence  o f in te rb re e d in g  and m ixing 
o f  c h a ra c te r s  b u t r e t a in  th e i r  d i s t i n c t iv e  com binations o f  e x te rn a l  
o rnam en ta tion  c h a ra c te r s  and e x h ib i t  a d i f f e r e n c e  in  r i g h t  v a lve  
c o n v e x ity . The p o in t  a t  w hich s e r i e s  a lp h a  and b e ta  became se p a ra te  
sp e c ie s  i s  an unknown tim e b e fo re  the  d e p o s i t io n  o f the  Byram M arl. As 
s e r i e s  a lp h a  shows no sudden change th roughou t i t s  e x te n t  w hereas s e r i e s  
b e ta  i s  in te r ru p te d  by a  s a l t a t i o n  a t  th e  c o n ta c t  betw een th e  Bumpnose 
and M arianna, t h i s  le v e l  i s  h e re  chosen  as th e  boundary betw een the two 
s p e c ie s .  The tax a  d e lim ite d  above a re  grouped as su b sp ec ies  w ith in  
th e se  two sp e c ie s  ( f ig u re  1 6 ). B oundaries betw een th ese  tax a  a re  s u b je c t  
to  re fin em en t when a d d i t io n a l  m a te r ia l  becomes a v a i la b le  which i s  a ls o  
t ru e  fo r  o th e r  tax a  r e g a rd le s s  o f t h e i r  b a s is  o f d e f i n i t i o n .
The rank  o f su p e rsp e c ie s  was c o n sid e red  fo r  the  Pec ten  perp lanus 
s to c k  (S y lv e s te r> B ra d ley , 1954, p . 146). However, the w r i t e r  b e lie v e s  
th a t  the  use o f su p e rsp e c ie s  in  a  c h ro n o lo g ic a l as w e ll as g eo g rap h ica l 
se n se , p a r t i c u l a r l y  where c o n s id e ra b le  geograph ic  o v e rla p  o f  th e  tax a  
o c c u rs , con fuses the  o r ig in a l  meaning as d e fin e d  by Mayr, (1931; a r te n -  
k re  i s ) .
The e v o lu tio n a ry  h i s to r y  o f th e  P. p e rp lan u s  s to c k , as in f e r r e d  
from the  fo reg o in g  a n a ly s is  o f  i t s  taxonomy, i s  summarized in  f ig u re  17.
LA. MISS. ALA. FLA.
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E V O L U T I O N  O F  P E C T E N  P E R P L A N U S  S T O C K
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SYSTEMATIC PALEONTOLOGY
C lass  BIVALVIA L innaeus, 1758 
Subclass PTERIOMDRPHIA B eurlen , 1944 
Suborder PTERIINA Newell, 1965 
Superfam ily  PECTINACEA R aflnesque , 1815 
Family PECTINIDAE R aflnesque , 1815 
Genus Pecten  M ulle r , 1776 
Pecten  MULLER, 1776, Zoologiae Danicae Prodromus, p . 248
TYPE SPECIES: O strea  maxima L innaeus, subsequent d e s ig n a t io n  by
Schmidt, 1818, Versuch. Conch. Sam nl., p. 67. Recent, n o r th e rn  Europe.
DIAGNOSIS: "S h e ll  s u b o r b lc u la r , s u b e q u i l a t e r a l , s t ro n g ly  ln e q u i-
va lv e ;  r i g h t  va lve  convex, l e f t  va lve  concave, f l a t  o r  feeb ly  convex. 
A u ric le s  c l e a r l y  d e l im ite d  from body of s h e l l ,  no t  d i f f e r i n g  g r e a t l y  
in  s i z e .  A shallow  s in u s ,  bu t no deep notch p re s e n t  below the r i g h t  
a n t e r io r  a u r i c l e ;  c teno lium  a b se n t .  C a rd in a l  c ru r a  m odera te ly  w e ll  
developed; a u r i c u la r  c ru ra  p re s e n t  o r a b se n t .  Ornamentation u s u a l ly  
d i s s i m i l a r  in  the two v a lv e s ,  norm ally c o n s i s t in g  o f r a d i a l  r i b s . "
(Cox, 1952, p . 20 .)
Pecten  e l i x a t u s  Conrad, 1846 
PI. 1, f i g s .  1, 2.




Pecten  e l i x a t u s  Conrad. CONRAD, 1848, Acad. Nat. S c l .  P h i la d e lp h ia ,  
J o u r . ,  s e r .  2, v . 1, p. 130, p i .  14, f i g s .  13, 14.
Pec ten  (P ec ten ) pou lson i Morton. DALL, 1898, Wagner Free I n s t .  S c i . ,  
P h i la d e lp h ia ,  T ra n s . ,  v . 3, p a r t  4 , p . 719 ( p a r t ) .
Not Pecten  e l i x a t u s  Con.7 VAN WINKEL in  Van Winkle and H a r r is ,  1919, 
B u l l .  Am. P a leon to logy , v . 8 , p. 15, p i .  2, f i g s .  10, 11.
Pec ten  (Pecten)  e l i x a t u s  (Conrad). TUCKER-ROWLAND, 1936, Am. Mid.
N a t u r a l i s t ,  v . 17, p . 475 ( p a r t ) ,  p i .  4 ,  f i g s .  1, 2 sy n ty p es .
Not Pec ten  e l i x a t u s  Conrad? RICHARDS, 1943, J o u r ,  P a leon to lo gy , v . 17, 
p. 519, p i .  84, f i g s .  9, 24.
Pecten  e l i x a t u s  Conrad. HARRIS, 1951, B u l l .  Am. P a leon to log y , v .  33, 
p. 9, p i .  3 , f i g s .  9, 10 (sy n ty p e ) .
Pecten  7 e l i x a t u s  Conrad. BRANN AND KENT, 1960, B u l l .  Am. Pa leon to log y ,
v . 40, pp. 662, 663 ( p a r t ) .
Pecten  e l i x a t u s  Conrad. PALMER AND BRANN, 1965, B u ll .  Am. P a leon to logy , 
v. 48, p. 254 ( p a r t ) .
MATERIAL: Two sy n ty p es , Academy of N a tu ra l  Sciences o f  P h i la d e lp h ia ,
C a t.  No. 12576 (syn type number f id e  Tucker•Rowland, 1936). R ight v a lv e :  
h e ig h t  32 .8  mm, len g th  34.3 mm, hinge le n g th  ca .  18.0 mm, I n f l a t i o n  10.0 
mt, r i b s  14. L e f t  v a lve :  h e ig h t  27.5 mm, le n g th  28 .5  nm, I n f l a t i o n  4 .6
mm, r i b s  16. (Types n o t  m issing  as r e p o r te d  in  Moore, 1962, p . 60 .)
DESCRIPTION: "The r i g h t  valve has fo u r te e n  w e ll  e le v a te d ,  n e a r ly  f l a t -
topped r i b s ,  which, a t  the  m arg ins, a re  about the  same w id th  (2 mm.) as 
the  rounded in te r s p a c e s .  Both r i b s  and in te r s p a c e s  become narrow er a t  
the subm argins. Umbonal a re a  and a u r i c l e s  deep ly  eroded . The somewhat 
w idely  spaced , e le v a te d  lam ellae  a re  r e f l e c t e d  s l i g h t l y  toward the  beak
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on the s id e s  o f  the  r i b s  and pass d i r e c t l y  a c ro ss  the i n te r s p a c e s .  
Submargins la c k  r a d i a l  s c u lp tu r e ,  bu t  a re  c o n c e n t r i c a l ly  la m e l la te d .  
A u r ic le s  d o u b t fu l .  Valve r ibb ed  i n t e r n a l l y .  L e f t  va lve  only s l i g h t l y  
convex; i t  has 14 r i b s  which, a t  the m argins, a re  about h a l f  the w id th  
o f  the  in te r s p a c e s .  Ribs s l i g h t l y  more rounded than those  o f  the r i g h t  
v a lv e .  Submargins narrow, s t e e p ,  s c u lp tu re d  on ly  by the c o n c e n tr ic  
la m e l la e .  A u r ic le s  sm a ll .  Valve r ib b ed  in te r n a l ly .* '  (Tucker-Rowland, 
1936, p . 275 .)
OCCURRENCE: Eocene Santee  Limestone o f South C a ro l in a .
LOCALITIES: South C a ro l in a :  p o s s ib ly  B erkeley  County ( f id e  Palmer
and Brann, 1965), "near Santee  C anal, in  w h ite  f r i a b l e  l im estone"  ( ty p e ) .
AFFINITIES: D a li  (1898) r e f e r r e d  t h i s  sp e c ie s  to  P. p o u ls o n i ; Tucker-
Rowland (1936) co n s id ered  i t  to be ve ry  c lo s e ly  r e l a t e d  to  £ .  pou lson i 
o r i d e n t i c a l  w i th  i t ;  H a r r is  (1951) regarded  P . e l i x a t u s  as a  d i s t i n c t  
s p e c ie s ,  bu t  recommended t h a t  i t  be compared w ith  P. pe rp lanus  o f  the 
Bumpnose Limestone near M arianna, F lo r id a .  This sp e c ie s  i s  ve ry  s im i la r  
to  the  p ec ten s  o f  the  P. pe rp lanu s  s to c k  and l s  most c lo s e ly  comparable 
to  P. pe rp lanus  p e rp lanus  in  having smooth r i b s ,  co a rse  la m e l la e ,  and 
e a r  s t r i a t i o n s .  I t  d i f f e r s  from P. p e rp lanus  perp lanus in  having fewer 
r i b s  in  the r i g h t  v a lv e ,  14 in  c o n t r a s t  to  a minimum of 15 and an 
average  o f 18.8 in  534 r i g h t  v a lves  o f  the Pec ten  perp lanus s to c k .  
Although l i t t l e  l s  known about the  s t r a t i g r a p h i c  and geographic  d i s t r i ­
b u t io n  o r  the  v a r i a t i o n  o f  Pec ten  e l i x a t u s , i t  l s  he re  co n s id ered  to be 
the  p robab le  a n c e s to r  o f the  Pecten pe rp lanus  s to c k .
REMARKS: R ight va lve  syntype o f  P. e l i x a t u s  Conrad (Acad. N at. S c i .
P h i l a .  C a t.  No. 12576) i s  here  d e s ig n a te d  the  l e c to ty p e .
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The Pecten perp lanus s to c k  
DIAGNOSIS: E a s te rn  North American Oligocene and lower Miocene pectens
having r e l a t i v e l y  sm all (h e ig h t  up to  52 nan), s u b o r b lc u la r , m odera te ly  
to  s t r o n g ly  inequ lva lved  s h e l l s  w ith  15 to  22 saiooth, uni 1 i r a t e ,  or 
t r i l l r a t e  r i b s ,  c o a rse  or f in e  c o n c e n tr ic  la m e lla e ,  and e a r  s t r l a t l o n s  
s t ro n g  to  a b se n t .
Pec ten  perp lanus Morton, 1833 
Pec ten  perp lanus MORTON, 1833, Am. Jo u r .  S c i . ,  s e r .  1, v. 23, p. 293, 
p l .  5 , f i g .  5.
DIAGNOSIS: Pecten o f  the P. pe rp lanus s to c k  having low and rounded to
high  and square  r i b s  w ith  smooth, u n l l l r a t e ,  to  t r i l l r a t e  s c u lp tu re  in  
the a d u l t  p o r t io n  o f the d i s c ;  coarse  c o n c e n tr ic  la m e llae ;  and prominent 
e a r  s t r l a t l o n s .  D i f f e r s  from P. howei in  having prominent e a r  s t r l a t l o n s  
and a g e n e ra l ly  more convex r i g h t  va lve  and, in  p a r t ,  in  having sq u a re , 
t r i l l r a t e  r i b s .
REMARKS: P. pe rp lanus forms a ch rono log ic  s e r i e s  o f  th re e  subspec ies
from P. pe rp lanus  perp lanus  to  P. pe rp lanus  pou lson i to  P. perp lanus 
by ram en sis . Three morphotypes a re  reco g n ized : A, B, and C which a re
d i s t in g u is h e d  from each o th e r  on the b a s i s  o f  r i b  l i r a t l o n  in  the r i g h t  
va lve  (see d e f i n i t i o n  o f  m orphotypes, p . 39 ) .  Rib l i r a t l o n  development 
in  the l e f t  va lve  v a r ie s  g e o g ra p h ic a l ly  r a th e r  than  c h ro n o lo g ic a l ly  
(see  p. 19 ) .  T h ere fo re  the  r i g h t  va lve  Is  o f paramount importance in  
c l a s s i f y i n g  p o p u la t io n s  w i th in  the  s p e c ie s .  P opu la tio ns  c o n s i s t in g  of 
more than  50% morphotype A a re  r e f e r r e d  to  P. £ .  p e rp la n u s ; those  in c lu d ­
ing 50% o r  more morphotype B a re  r e f e r r e d  to  I>. £ .  p o u ls o n i ; and those  
w ith  more than 50% morphotype C a re  r e f e r r e d  to  £ .  j>. b y ram en sis .
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Pecten perp lanus perp lanus  Morton 
P I .  1, f i g .  4; p i .  2 , f i g s .  1-10.
Pecten  perp lanus MORTON. 1833, Am. Jo u r .  S c i . ,  s e r .  1, v .  23, p. 293, 
p i .  5, f i g .  5.
Pecten  pe rp lanus  Morton. MORTON, 1834, Synop. o rgan ic  rem ains , C re t .
G r . ,  p. 58, p i .  5 , f i g .  5; p i .  15, f i g .  8.
Pecten  perp lanus Morton. DE GREGORIO, 1890, Annales de Geologie e t  de
P a le o n to lo g ie ,  Books 7 e t  8, p. 182, p i .  21, f i g s .  30, 31.
Not Chlamys (Aequipecten) pe rp lanus (M orton). TlfCKER-ROWLAND, 1938,
Mis. ro y a l  h i s t .  n a t .  B elg ique, Mem., s e r .  2, f a s c .  13, p. 29, p i .  6, 
f i g .  12.
Not Chlaay8 (Aequipecten) perp lanus c e n t ro tu s  (D a l i ) .  TUCKER-ROWLAND, 
1938, Mus. ro y a l  h i s t .  n a t .  B elg ique , Mem., s e r .  2> fasc . 13, p. 31, 
p i .  6, f i g .  6.
Not Pec ten  (Aequipecten) p e rp lanus  Morton. SHIMER and SHROCK, 1944,
Index f o s s i l s  o f  North America, p. 407.
Pec ten  perp lanus  Morton. HARRIS and PALMER, 1946, B u l l .  Am. P a leon to logy , 
v . 30, p. 27, p i .  7, f i g s .  5 -9 , no t f i g s .  10, 11.
Pec ten  perp lanus  Morton, v a r .  HARRIS, 1951, B u l l .  Am. P a leon to log y , v . 33,
no. 136, p. 8 , p i .  3 , f i g s .  5-8 .
A equipecten pe rp lanu s  (Morton). PALMER and BRANN, 1965, B u l l .  Am.
P a leon to lo gy , v .  48, p. 25 ( p a r t ) ,  n o t  p i .  1, f i g s .  8, 9.
A equipecten pe rp lanu s  (Morton) * 'var."  PALMER and BRANN, 1965, B u l l .  Am. 
P a leon to lo gy , v .  48, no. 218, p. 25.
MATERIAL: Neotype (L ou is iana  S ta te  U n iv e rs i ty  Geology Museum no.
8053, r i g h t  v a lv e ) :  h e ig h t  21.8  mm, le n g th  23 .4  mm, h inge le n g th
(no t m easu rab le ) ,  i n f l a t i o n  5.1 mm; 19 r i b s  (morphotype A). From sample
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01 a t  S t .  Stephens q u a rry ,  Alabama ( s e c t io n  0 8 ) .  Inc lu d ing  the type , a 
t o t a l  o f 263 l e f t  va lves  and 105 r i g h t  v a lv es  a re  here  r e f e r r e d  to  th i s  
s u b s p e c ie s .  For d e s c r ip t iv e  d a ta  fo r  each I n d iv id u a l ,  see appendix D.
DIAGNOSIS: Pecten  perp lanus having r i b s  o f  the r i g h t  va lve  f a i r l y
low, rounded in  t r a n s v e r s e  p r o f i l e ,  and smooth In the  dominant form.
DESCRIPTION: S h e l l  o r b i c u l a r ,  t h in  to  m odera te ly  th ic k ;  sm a ll ;
maximum h e ig h t  36 .4  mm (mean h e ig h t  20.37 mm), maximum le n g th  37.5  mm 
(mean le n g th  20.85 mm); un equally  b iconvex , th e  r i g h t  va lve  m oderate ly  
to  g r e a t ly  convex (mean I:H  “ 0 .2 5 ) ,  the l e f t  s l i g h t l y  to  m odera te ly  
convex (mean I:H “ 0 .1 6 ) ;  h inge l in e  s l i g h t l y  concave in  r i g h t  v a lv e ,  
n e a r ly  s t r a i g h t  in  l e f t  v a lv e ;  r i b s  f a i r l y  low, rounded, and u s u a l ly  
smooth or o c c a s io n a l ly  u n i l i r a t e  or t r i l l r a t e  in  the a d u l t  p o r t io n  of 
the  d i s c ;  r i b s  s l i g h t l y  w ider than  in te r s p a c e s ;  r i g h t  va lve  w i th  15 to  
21 r i b s  (mean 1 7 .9 ) ;  l e f t  va lve  w ith  15 to  22 r i b s  (mean 1 8 .0 ) ;  concen­
t r i c  lam e llae  w ide ly  spaced w ith  v e n t r a l l y  d i r e c te d  im b r ic a t io n s  on the 
r i b s  in  the  younger p o r t io n  o f the  d i s c  to  s l i g h t l y  sinuous in  the  
a d u l t  p o r t io n .  Ears f a i r l y  l a r g e ,  subequal, f a i n t l y  to  p rom inently  
s t r i a t e d  w ith  2 to  6 r a d i a l  th read s  on the  a n t e r i o r  e a r ,  2 to  9 r a d i a l  
th read s  on the p o s t e r io r  e a r ;  b y ssa l  no tch  m odera te ly  deep; c teno lium  
v i s i b l e  i n  sm all specim ens. Hinge w ith  provinculum, 1 o r  2 p a i r s  of 
c a r d in a l  c ru r a ,  and one p a i r  o f  d i s t i n c t  r i d g e - l i k e  a u r i c u la r  d e n t i c l e s ;  
r e s i l i a l  p i t  r a t h e r  sm all and narrow, f r in g e d  w ith  l a t e r a l  r id g e s  in  the 
r i g h t  v a lv e .  Adductor muscle s c a r s  l a r g e ,  a s in g le  s c a r  in  the l e f t  
va lve  and a  d iv id e d  sc a r  i n  the  r i g h t  va lv e  w ith  the  d o r s a l  p o r t io n  
be ing  l a r g e r ;  i n t e r i o r  o f  v a lv es  w ith  f a i n t  i n t e r n a l  r i b s  f lu te d  a long 
the  v e n t r a l  m argin.
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VARIATION: P opu la tion s  o f  P. pe rp lanus  p e rp lan us  inc lude  morphotypes
A, B, and C, the p ro p o r t io n  o f A being  more than  501 (see  f ig u re  15). 
V a r ia t io n  in  o th e r  c h a r a c te r s  o f  P. p e rp lan us  i s  shown in  t a b le  4 .  
Specimens of P. £ .  pe rp lanus  from the  Red B lu f f  Clay a re  s m a l l e r , th in n e r  
s h e l l e d ,  and weaker hinged than  those  from the Marianna-Bumpnose Lime­
s to n e s .  The s ig n i f ic a n c e  l e v e l  o f  the  d i f f e r e n c e s  in  h e ig h t ,  co n v ex ity ,
2
and r i b  number e s t a b l i s h e d  by X t e s t s  i s  shown in  t a b le  4 .
There i s  a d i f f e r e n c e  in  r i b  s c u lp tu r a l  type (smooth, u n i l l r a t e ,  
t r i l l r a t e )  o f  r i g h t  and l e f t  v a lv es  s i g n i f i c a n t  a t  the .05 l e v e l  (see 
c h i - s q u a re  t e s t  I I I ,  appendix F ) .
OCCURRENCE: Red B lu f f  C lay and lower Marianna Limestone o f  e a s t e r n
M is s i s s ip p i  and w este rn  Alabama, and Bumpnose Limestone o f panhandle 
F lo r id a .
LOCALITIES: Sample 00 a t  Ulcanush C reek, A la. (composite s e c t io n  0 7 );
samples 00, 01, and 02 a t  S t .  S tep hens , A la . ( s e c t io n  0 8 );  samples 00,
01, 02, and 03 a t  L i t t l e  S tave C reek, A la . ( s e c t io n  0 9 ) ;  samples 00, 01,
02, 03, and 04 a t  S u g g e s v i l le ,  A la . ( s e c t io n  10); sample 00 a t  F r isc o  
C i ty ,  A la . (composite s e c t io n  11); and sample 00 a t  Smith q u a r r i e s ,  near 
Marianna, F la .  ( s e c t io n  18). For a d d i t i o n a l  l o c a l i t i e s ,  see c a ta lo g u e  
o f  r e f e r e n c e s .
AFFINITIES: P. pe rp lanus  p e rp lanus  i s  the  o ld e s t  known sub spec ies  o f
the  P. pe rp lanus  s to c k .  Extremely v a r i a b l e ,  w idespread  p o p u la t io n s  
c h a r a c te r i z e  t h i s  su b sp e c ie s ;  they  became i s o l a t e d  g e o g ra p h ic a l ly  and 
gave r i s e  to  P. pe rp lanus  po u lso n i p o p u la t io n s  in  the w est and to  
P. howei m arlannensis  p o p u la t io n s  i n  the  e a s t  (see  f ig u re  16). A ll  
th re e  o f  the  P. £ .  pe rp lanus  m orphotypes, A, B, and C, occur in  P. £ .
TABLE 4: VARIATIONS IN P. perplanus perplanus
D e t r i t a l  Facies N onde trita l  Facies
Red B luff Clay Marianna and Buapnose Ls.
Range X S. D. n Range X S. D. n
S ign ificance  
of d if fe ren ce
Height to 24.3 nm. 18.4 2.51 176 to 36.4 nm. 22.3 4.59 180 Sig. a t  .01
I:H r t .  v. 0 .14-0 .28 am. 0.23 0.03 64 0.18-0.33 mm. 0.28 0.03 37 Sig. a t  .01
I:H I f .  v . 0.11-0.23 am. 0.17 0.02 i l l 0 .09-0 .21 nm. 0.15 0.02 137 Sig. a t  .01
Ribs r t .  v. 16-21 18.1 1.00 65 15-19 17.3 1.05 32 Sig. a t  .01
Ribs I f .  v. 16-22 18.1 1.00 109 15-19 17.8 1.19 122 Not Sig. .05
Ul
53
p o u ls o n i , bu t only  morphotype A has been found to  con tin u e  from P. £ .  
p e rp lanus  to  P. howei m a r la n n e n s ls . Whereas morphotype A i s  the  
dominant form in  £ .  pe rp lanus  p e rp la n u s , morphotypes B and D a re  the  
dominant forms in  £ .  p o u lso n i  and P. h . m arlannen sls  r e s p e c t iv e ly .
£• e l i x a t u s  i s  the p robab le  a n c e s to r  o f  P. p. pe rp lanus  (see  f ig u re  17).
Comparison o f  s i z e ,  c o n v ex ity ,  and r i b  number i n ' t h e  su b sp ec ies  o f  £ .  
pe rp lanus  i s  shown in  f ig u re s  18, 19, and 20. In the  s e r i e s  £ .  
pe rp lanus perp lanus  to  P. pe rp lanus  po u lso n i to  £ .  pe rp lanus  byramensis 
th e re  i s  trend  toward an in c re a s e  in  h e ig h t  and r i b  number, b u t  the  
I:H  r a t i o  fo r  l e f t  and r i g h t  v a lv es  i s  e r r a t i c .  Comparisons of s i z e ,  
c o n v ex ity ,  and r i b  number o f  P. pe rp lanu s  and P. howei a re  shown in  
t a b le  8 , p . 73.
REMARKS: As the type o f P. pe rp lanus  Morton appears to  be l o s t  ( f id e
H a rr is  and Palmer, 1946, p. 27; the s ta te m e n t  i n  Palmer and Brann, 1965, 
p. 25, to  the  c o n tr a ry  i s  an e r r o r  acco rd in g  to  Palmer, 1965, p e rso n a l  
comm unication), i t  i s  d e s i r a b l e  to  d e s ig n a te  a neo type . Although Morton 
in  h is  o r i g i n a l  d e s c r i p t io n  w r i t e s ,  "Found w ith  the  p reced ing  sp e c ie s  
( i . e . ,  Chlanys a n a t ip e s )  in  o v e r ly in g  lim estone  of C la ib o rn e ,  Alabama," 
subsequent i n v e s t ig a t io n s  have f a i l e d  to  tu rn  up t r u e  pec tens  i n  the 
v i c i n i t y  o f  C la ib o rn e ,  Alabama. H a r r is  and Palmer (1946) ass ign ed
m a te r ia l  from S t .  S tephens , Alabama, to  P. p e rp la n u s , and th e r e f o re  the
neotype l o c a l i t y  i s  he re  p r e c i s e ly  d e s ig n a te d  as th e  top  o f  the  Red 
B lu f f  Clay a t  the  Lone S ta r  Cement Company q ua rry  a t  S t .  S tephens b l u f f ,  
Alabama ( s e c t io n  0 8 ) .
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FREQUENCY DISTRIBUTION OF HEIGHT
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Pec ten  p e rp lan us  po u lso n i Morton 
P I. 1, f i g s .  3, 5; P I. 3 , f i g s .  1, 3 , 4 ,  6.
Pecten  po u lson i MORTON. 1834, Synop. o rgan ic  rem ains , C re t .  G r . ,  p . 59, 
p. 5, f i g .  2.
?Pecten  ( J a n i r a )  promens DE GREGORIO, 1890, Annales de Geologie e t  de 
P a le o n to lo g ie , Books 7 e t  8, p. 181, p i .  21, f i g s .  17-25.
7Pecten  ( J a n i r a )  po u lson i Morton. DE GREGORIO, 1890, Annales de 
Geologie e t  P a le o n to lo g ie ,  Books 7 e t  8, p. 182, p. 21, f i g .  27.
Pecten (P ec ten )  pou lso n i Morton. DALL, 1898, Wagner Pree I n s t .  S c i . ,  
P h i la d e lp h ia ,  T ra n s . ,  v .  3, p. 719 ( p a r t ) .
Pecten p o u lso n i  Morton. COOKE, 1926, in  Geol. Survey Alabama Spec.
Rept. 14, p i .  97, f i g s .  l a ,  l b .
Pec ten  p o u lso n i  Morton. COOKE, 1928, F lo r id a  Geol. Survey, 20th Ann.
R e p t . ,  p. 62, p i .  7, f i g s .  l a ,  lb .
Pecten  (P ec ten )  p o u lso n i  Morton. TUCKER-ROWLAND, 1936, Am. Mid. N a t . ,
v . 17, p. 476 ( p a r t ) .
? Pec ten  ( Pec te n )  sp . c f .  P. (j>.) pou lson i Morton. GARDNER, 1945, Geol.
Soc. America Mem. 11, p. 62.
Pecten  po u lso n i Morton. IVEY, 1957, Ala. Geol. Survey B u l l .  66, p i .  10,
f i g .  5; p i .  11, f i g .  4 .
Pecten  (P ec ten )  p o u lso n i  Morton. DELANEY, 1963, Jo u r .  P a leon to lo gy ,
v . 37, no. 6, p . 1267 ( p a r t ) ,  p i .  178, f i g s .  1, 2 , 3, 4 ,  7, 8 , 10, 11.
MATERIAL: L ecto type  (Acad. Nat. S c i .  P h i la d e lp h ia ,  no. 274, r i g h t
• v a lv e )  h e ig h t  18.1 mm, len g th  18.5 mm, hinge le n g th  11.4 mm, i n f l a t i o n  
5 .8  mm, w ith  4 a n t e r i o r  e a r  s t r i a t i o n s ,  3 p o s t e r io r  e a r  s t r l a t l o n s ,  and
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17 u n i l i r a t e  r i b s  (morphotype B ) . In  a d d i t io n  to  the ty p e ,  a  t o t a l  of 
593 l e f t  v a lv es  and 174 r i g h t  v a lv es  a re  here  r e f e r r e d  to  t h i s  su b sp ec ie s .  
For d e s c r ip t iv e  d a ta  fo r  each in d iv id u a l ,  see appendix D.
DIAGNOSIS: Pec ten  p e rp lanbs  having r i b s  o f the  r i g h t  va lve  o f medium
h e ig h t ,  rounded to  square  in  t r a n s v e rs e  p r o f i l e  and u n i l i r a t e  in  the 
a d u l t  p o r t io n  o f  the d i s c  o f  the dominant form.
DESCRIPTION: S h e ll  o r b i c u l a r ,  th in  to m odera te ly  th ic k ,  sm a ll ;  maximum
h e ig h t  34.3  mm (mean h e ig h t  20.17 mm), maximum len g th  37.2 mm (mean 
le n g th  20.88 mm); unequ a lly  b iconvex , the r i g h t  va lve  m odera te ly  to very  
deep ly  convex (mean I:H * 0 .3 1 ) ,  the  l e f t  s l i g h t l y  to  m odera te ly  convex 
(mean I:H * 0 .1 4 ) ;  hinge l in e  s l i g h t l y  concave in  r i g h t  v a lv e ,  n e a r ly  
s t r a i g h t  in  l e f t  v a lv e ;  r i b s  o f medium h e ig h t ,  rounded to  square  shouldered  
and smooth, u n i l i r a t e ,  or t r i l l r a t e  in  the  a d u l t  p o r t io n  o f the  d i s c ;  
r i b s  s l i g h t l y  w ider than  in te r s p a c e s ;  r i g h t  va lve  w ith  16 to  21 r i b s  
(mean 1 8 .5 ) ;  l e f t  va lve  w ith  15 to  22 r i b s  (mean 1 8 .4 ) ;  c o n c e n tr ic  
lam ellae  w idely  spaced w ith  v e n t r a l l y  d i r e c te d  im b r ic a t io n s  over the 
r i b s .  Ears r a t h e r  l a r g e ,  su b eq u a l ,  p rom inently  s t r i a t e d  w ith  3 to  6 
r a d i a l  th rea d s  on each; b y ssa l  no tch  m odera te ly  deep; c ten o lium  v i s i b l e  
in  sm all in d iv id u a l s .  Hinge w ith  provinculum , two p a i r s  o f c a rd in a l  
c ru r a  (o cc as io n a l  specimens have a  rud im entary  t h i r d  p o s t e r io r  c r u s ) ;  
one p a i r  o f  a u r i c u la r  c ru r a  te rm in a t in g  d i s t a l l y  in  a  rounded, oblong 
r id g e ;  r e s i l i a l  p i t  r a t h e r  sm a ll ,  f r in g e d  w ith  l a t e r a l  r id g e s  in  the 
r i g h t  v a lv e .  Adductor muscle s c a r s  l a rg e ;  a s in g le  sc a r  in  the l e f t  
v a lv e ;  s c a r  in  r i g h t  va lv e  obse rvab le  b u t  s t r u c tu r e  ( i . e . ,  whether 
d iv id ed  o r  n o t)  no t  d i s c e r n i b l e ;  i n t e r i o r  o f v a lves  w ith  f a i n t  I n te r n a l  
r i b s  which are  f l u t e d  a long  the v e n t r a l  m argin .
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VARIATION: P opu la tions  o f  P. parp lanus po u lso n i in c lu d e  morphotypes
A, B, and C, the  p ro p o r t io n  o f B being  50X or more (see f ig u re  15). 
V a r ia t io n  in  o th e r  c h a r a c te r s  o f P. pe rp lanus  pou lson i l s  shown in  ta b le  
5. Specimens from the d e t r i t a l  f a c ie s  d i f f e r  from those from the 
n o n d e t r i t a l  f a c ie s  in  having more convex r i g h t  va lves  w ith  s l i g h t l y  
fewer r i b s .  Though the  d i f f e r e n c e  in  number o f  r i b s  i s  s t a t i s t i c a l l y
s i g n i f i c a n t ,  the  num erica l d i f f e r e n c e  i s  so sm all as to  be o f d o u b tfu l
p a le o n to lo g ic a l  s i g n i f i c a n c e .
OCCURRENCE: Mint Spring Marl, Marianna Lim estone, and lower Glendon
Limestone o f  M is s i s s ip p i ;  and upper Marianna and lower Glendon Limestone 
o f  sou thw este rn  Alabama.
LOCALITIES: Samples 00, 01, 02, a t  V icksburg, Miss, (composite
s e c t io n  01 );  sample 00 a t  P o re s t  H i l l ,  M iss, (composite s e c t io n  02); 
samples 00, 01 a t  Brandon, Miss, ( s e c t io n  03 );  samples 00, 01, 02 near 
S y lv arena , Miss, (composite s e c t io n  04 );  samples 00, 01, 02 near  
H e id e lb e rg , Miss, ( s e c t io n  05 );  samples 00, 01, 02, 03, 04 near  Waynes -
bo ro , Miss, (composite s e c t io n  06); samples 01, 02, 03, 04 near  M il lry ,
Ala. (composite s e c t io n  07 );  samples 03, 04, 05, 06, 07 n ea r  S t .
S tephens , A la. ( s e c t io n  0 8 ) ;  sample 03 a t  L i t t l e  S tave Creek near 
Jackson , Ala. ( s e c t io n  0 9 ) ;  and samples 05, 06 near  S u g g e sv l l le ,  Ala. 
( s e c t io n  10). For a d d i t io n a l  l o c a l i t i e s ,  see ca ta lo g u e  o f  r e f e r e n c e s .
AFFINITIES: P. pe rp lanus  po u lson i i s  in te rm e d ia te  between P. pe rp lanus
perp lanus and P. pe rp lanus  by ram en sis . A ll  th re e  su b sp ec ies  inc lude  
p o p u la t io n s  composed of morphotypes A, B, and C. P. j>. po u lson i d i f f e r s  
from the o th e r  two in  having 50X or more morphotype B.
TABLE 5: VARIATIONS IN P. perplanus poulsoni Morton BETWEEN FACIES
Facies Height I:H r t .  v. I:H I f .  v. Ribs r t .  v. Ribs I f .  v.
N ond e trita l to 34.0 nm. 0 .12-0 .44 0.06-0.33 16-21 16-22 Range
(Pasty  Lime) 20.3 0.29 0.14 18.7 18.5 X
4.25 0.07 0.03 1.09 1.14 S. D.
524 111 387 107 359 n
D e t r i t a l to  34.3 mm. 0.24-0 .46 0 .08-0 .26 16-21 15-21 Range
(Sandy t ta r l) 20.0 0.35 0.14 18.1 18.1 X
5.12 0.06 0.03 1.29 1.84 S. D.
228 48 166 49 165 n
Combined to 34.3 nm. 0 .12-0 .46 0.06-0.33 16-21 15-22 Range
20.2 0.31 0.14 18.5 18.4 X




S ign if icance
o f
D ifference  
Between Facies
not s ig .  
a t  .05
s ig .  a t  .01 s ig .  a t  .05
not s ig .  a t  
.01
s ig .  a t  .01 not s ig .  
a t  .05
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Comparisons of s i z e ,  co n v ex ity ,  and r i b  number In  the  subspec ies  of 
Z* perp lanus a re  shown in  f ig u re s  18, 19, and 20. Comparative d a ta  
f o r  P. pe rp lanus  and P. howei a re  g iven  in  t a b le  8.
REMARKS: The syntypes o f  Pec ten  p o u lso n i Morton a re  lab e le d  Acad.
Nat. S c i .  P h i la d e lp h ia ,  no. 274 from S t .  S tephens , Alabama ( f id e  Tucker- 
Rowland, 1936). They c o n s i s t  o f  f iv e  r i g h t  v a lv es  and n ine  l e f t  v a lv e s  
mounted on a  c a rd .  The th i r d  specimen from the top in  the r i g h t  hand 
column i s  he re  d e s ig n a ted  the l e c to ty p e .
Pec ten  pe rp lanu s  byram ensis Gardner 
P I .  1, f i g .  7; P I. 3 , f i g s .  2 , 5, 7, 8; P I. 4 ,  f i g s .  3 , 6.
Pec ten  ( Pecten) pou lson i  Morton. DALL, 1898, Wagner Free I n s t .  S c i . ,  
P h i la d e lp h ia ,  T ra n s . ,  v . 3 , p. 719 ( p a r t ) .
Pecten po u lso n i Morton. HOPKINS, 1917, U. S. Geol. Survey B u l l .  661-H, 
p l .  27, f i g s .  3, 3a.
?Pecten  p o u lso n i Morton. SHREVEPORT GEOL. SOC., 1933, Guidebook, 10th  
Ann. F ie ld  T r ip ,  p l .  2 , f i g s .  1 -4 .
Pec ten  (P ec ten ) pou lson i Morton. TUCKER-ROWLAND, 1936, Am. Mid. N a t . ,  
v .  17, p. 476 ( p a r t ) ,  p l .  1, f i g s .  S, 6.
Pecten  ( Pec ten) by ram ensis . GARDNER, 1943, Geol. Soc. America Mem. 11, 
p. 62, 63, p l .  10, f i g s .  1-4 ( types  no t i l l u s t r a t e d ) .
Pecten pe rp lanus  Morton. HARRIS and PALMER, 1946, B u l l .  Am. Paleon­
to lo g y , v . 30, p l .  7, f i g s .  10, 11.
Pecten  byram ensis G ardner. IVEY, 1957, A la . Geol. Survey B u l l .  66, 
p l .  12, f i g s .  1 -6 , 10-14.
62
P ecten  (P ec ten ) p ou lson i Morton. DELANEY, 1963, Jo u r .  P a leon to log y ,
v .  37, no. 6, p. 1267 ( p a r t ) ,  p i .  178, f l g a .  5 , 6, 9, 12, 14.
MATERIAL: Lee to type  (U. S. Nat. Mos. 370818, r i g h t  v a lv e ) :  h e ig h t
29 .5  mm, len g th  31 .0  ran, con vex ity  8 .6  ran, 18 r i b s  ( f id e  G ardner, 1945). 
P a ra le c to ty p e  (U. S. Nat. Mis. 370819, l e f t  v a lv e ) :  h e ig h t  26.7 ran,
le n g th  28.7 ran, con vex ity  3 .9  ran, c a .  17 r i b s  ( f id e  Gardner. 1945).
The le c to ty p e  belongs to  morphotype C and the  p a ra le c to ty p e  probably  
belongs to  morphotype B. In  a d d i t io n  to  the ty p e s ,  a t o t a l  o f  516 
l e f t  v a lv e s  and 269 r i g h t  va lves  a re  he re  r e f e r r e d  to  t h i s  su b sp e c ie s .  
For d e s c r ip t iv e  d a ta  fo r  each in d iv id u a l ,  see appendix D.
DIAGNOSIS: Pecten perp lanus having r i b s  o f the  r i g h t  va lve  o f  medium
h e ig h t ,  t y p i c a l l y  square  shouldered  and t r i l i r a t e  in  the  a d u l t  p o r t io n  
o f  the  d i s c  o f the dominant form.
DESCRIPTION: S h e ll  o r b i c u l a r ,  m odera te ly  to  ve ry  th ic k ,  sm a ll ;
maximum h e ig h t  38 .8  mm (mean h e ig h t  22.05 mm), maximum le n g th  39 .0  mm 
(mean le n g th  22.67 ran); un equa lly  b iconvex , the  r i g h t  v a lve  m odera te ly  
to  deep ly  convex (mean I:H “ 0 .2 9 ) ,  the l e f t  s l i g h t l y  to  m odera te ly  
convex (mean I:H ■ 0 .1 5 ) ;  h inge l in e  s l i g h t l y  concave in  r i g h t  v a lv e ,  
n e a r ly  s t r a i g h t  in  l e f t  v a lv e ;  r i b s  o f  medium h e ig h t ,  round to  square  
sh o u ld e red ,  u n i l i r a t e  or t r i l i r a t e  in  the a d u l t  p o r t io n  o f  the d i s c ;  
r i b s  w ider than  in te r s p a c e s ;  r i g h t  va lve  w ith  17 to  23 r i b s  (mean 
1 9 .4 ) ;  l e f t  va lv e  w ith  17 to  22 r i b s  (mean 1 9 .6 ) ;  c o n c e n tr ic  lam ellae  
c o a r s e ;  e a r s  l a r g e ,  su bequal, p rom inen tly  s t r i a t e d  w ith  3 to  7 r a d i a l  
th re a d s  on a n t e r io r  e a r  and 3 to  8 r a d i a l  th rea d s  on p o s t e r io r  e a r ;  
b y s s a l  no tch  r a t h e r  sha llow ; c teno lium  v i s i b l e  only  in  sm all  specim ens.
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Hinge w i th  provinculum and two p a i r s  o f c a r d in a l  c r u r a ,  o c c a s io n a l ly  
a rud im en ta ry  t h i r d  p o s t e r io r  c ru s ,  and one p a i r  o f  a u r i c u l a r  c ru ra  
te rm in a t in g  d i s t a l l y  in  a  s t ro n g  rounded, oblong r id g e ;  r e s i l l a l  p i t  
r a t h e r  sm a l l ,  f r in g e d  w ith  d i s t i n c t  l a t e r a l  r id g e s  in  the  r i g h t  v a lv e .  
Adductor muscle s c a r s  l a r g e ,  a  s in g le  s c a r  in  the  l e f t  v a lv e ,  a 
d iv id e d  s c a r  in  the  r i g h t  va lve  w ith  the d o r s a l  p o r t io n  l a r g e r ;  
I n t e r i o r  o f va lve  w ith  f a i n t  i n t e r n a l  r i b s  which a re  f lu te d  a long  the 
v e n t r a l  m argin .
VARIATION: P o p u la tio n s  o f  P. pe rp lanus  byram ensis in c lu d e  morpho-
types B and C w ith  the p ro p o r t io n  o f  C 50% or more (see  f ig u re  15). 
V a r ia t io n s  in  h e ig h t ,  co n v ex ity  ( I :H ) ,  and r i b  number in  P. perp ianus 
byram ensis a re  shown in  t a b le  6, and the  s t a t i s t i c a l  s i g n i f i c a n c e  of 
the  v a r i a t i o n s  i s  in d ic a te d .  Not a l l  the s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  a re  n u m er ica l ly  la rg e  enough to  be obvious from the  mean 
v a lu es  ( e . g . ,  in  r i b  num bers).
In P. perp lanua  byram ensis th e re  i s  a  pronounced d i f f e r e n c e  in  s tage  
o f  l i r a t i o n  o f  the  two v a lv e s  in  samples from w est o f S y lva rena , 
M is s i s s ip p i  (see  d i s c u s s io n  on p. 19 ) .
OCCURRENCE: Oligocene beds o f  T am aullpas, Mexico; R o se fie Id  beds
(Mosley H i l l  Fm.) o f L o u is ia n a ;  m iddle and upper Glendon Limestone and 
Byram Marl o f M is s i s s ip p i  and Alabama; Bucatunna Clay o f  sou thw este rn  
Alabama; and Suwannee Limestone of F lo r id a .
LOCALITIES: Sample 00 a t  R o se f ie ld ,  La. ( s e c t i o n  0 0 );  samples 03,
04, 05, 06 a t  V icksburg , Miss, (composite s e c t io n  01); sample 01 a t  
o ld  Byram, Miss, (com posite s e c t io n  02 );  samples 02, 03, 04, 05 near
TABLE 6: VARIATIONS IN P. perplanua byramensis WITH CHANGES IN LITHOLOGY
Height I:H r t .  v. I:H I f .  v. Ribs r t . v. Ribs I f .  v.
I I I  Clay Marl
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Brandon, Miss, ( s e c t io n  03); samples 03, 04, 05, n ear  Sy lvarena , Miss, 
(com posite s e c t io n  04 );  sample 05 near Waynesboro, Miss, (composite 
s e c t io n  06 );  samples 05, 06, 07 near  M i l l ry ,  Ala. (composite s e c t io n  
0 7 );  samples 08, 09 n ear  S t .  S tephens , Ala. ( s e c t io n  08); samples 02,
03, near Frisco City and Monroeville, Ala. (composite section 11); 
samples 02, 03, 04, 05, 06 near Castleberry, Ala. (composite section 
12); sample 01 at McGowin's bridge, Ala. (section 13); samples 00, 01, 
02, 03 at Harts bridge, Ala. (section 14); sample 00 at Natural Bridge, 
Fla. (section 15); and sample 00 near Ponce de Leon, Fla. (section 16). 
For additional localities, see catalogue of references.
AFFINITIES: P. pe rp ianus  byram ensis succeeds P. pe rp lanus po u lson i
a s  the l a s t  known r e p r e s e n ta t iv e  of p e rp la n u s ; i t  d i f f e r s  from i t s  
p red ecesso r  su b sp ec ies  in  having more than  50% morphotype C and in  
lack in g  morphotype A.
Comparisons of size, convexity, and rib number in the subspecies of 
£* Perplanus are shown in figures 18, 19, and 20. Comparative data 
for perplanus and P. howel are given in table 8.
REMARKS: U. S. Nat. Mus. 370818 ( r i g h t  v a lv e )  and 370819 ( l e f t
v a lv e )  were d e s ig n a ted  as co types (syn types)  o f Pec ten  byram ensis by 
G ardner, 1945, p . 63. R ight va lve  cotype from Byram M arl, U. S> G. S. 
s t a .  6454, P e a r l  R iver ,  j u s t  above the  b r id g e  a t  Byram, Hinds County, 
M is s i s s ip p i  i s  he re  d e s ig n a te d  as l e c to ty p e .  L e f t  va lve  cotype  from 
Byram M arl, U. S. G. S. s t a .  3729, top  o f  b l u f f  o p p o s i te  second saw m ill, 
s l i g h t l y  above second h o r izo n , V icksburg , M is s is s ip p i  i s  here  d e s ig n a te d  
as p a ra le c to ty p e .
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Pecten howel (M an sf ie ld ) ,  1940
Chlamys (P lag locten lum ) hovel MANSFIELD, 1940, J o u r .  Paleontology, v . 14,
p. 178, p i .  26, f i g s .  1, 3, 4 .
DIAGNOSIS: Pecten o f  the  P. pe rp lanus  s to c k  having  low, rounded,
smooth o r u n i l i r a t e  r i b s ,  co a rse  o r f in e  c o n c e n tr ic  la m e l la e ,  and e a r  
s t r i a t l o n s  f a i n t  to  a b s e n t .  D i f f e r s  from P. pe rp lanus  in  la c k in g  
prom inent e a r  s t r i a t l o n s  and in  having  a g e n e r a l ly  l e s s  convex r i g h t  
va lve  and, in  p a r t ,  in  la c k in g  sq u a re ,  t r i l i r a t e  r i b s .
REMARKS: P. howei evolved from P. pe rp lanus  pe rp lanus  and forms a
c h ro n o lo g ic a l  s e r i e s  o f two su b sp e c ie s ,  P. howei m ariannensis  and P.
howei howel. Three morphotypes a re  re c o g n ise d :  A, D, and E which are
d is t in g u is h e d  from each o th e r  on the b a s i s  o f  lam e llae  spac ing  and r i b
l l r a t i o n  (see  d e f i n i t i o n  o f  m orphotypes, p. 39 ) .  In  t h i s  sp e c ie s
th e re  i s  no s i g n i f i c a n t  d i f f e r e n c e  between r i g h t  and l e f t  v a lv e s  in
2
lam e llae  spacing  (see  X t e s t  II , appendix F ) . P op u la tio n s  c o n s i s t in g  
o f  301 or more of morphotype D a re  r e f e r r e d  to  P. howei m a r ia n n e n s is ; 
those c o n s i s t in g  o f  more than 50X morphotype E a re  r e f e r r e d  to  P. howei 
how ei. This sp e c ie s  belongs to  Pecten r a t h e r  than  Chlamys to  which i t  
was ass ig ned  by i t s  au th o r  because i t  i s  t r a n s i t i o n a l  w ith  Pec ten  
p e rp lanus  whereas Chlamys was d i s t i n c t  from Pec te n  even b e fo re  the 
P. pe rp lanus s to c k  had evo lved . T h e re fo re ,  the  few p o in ts  o f  s i m i l a r i t y  
between £ . howel and Chlamys must be regarded  as  co n verg en t.
P ecten  howei howel (M ansfie ld )
PI. 1, f i g .  6; P I. 5, f i g s .  1, 5 , 6, 7.
Chlamys (P lag ioc ten lum ) howei MANSFIEID, 1940, J o u r .  Paleonto logy, v . 14,
p. 178, p i .  26, f i g s .  1, 3 , 4 .
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Pecten howei (M ansfie ld ) . MAC NEIL, 1944, Am. Assoc. P e t r o l .  Geolo­
g i s t s ,  B u l l . ,  v . 28, p. 1337.
Chlamys howel M ansfield . MACNEIL, 1944, Am. Assoc. P e t r o l .  G e o lo g is ts ,  
B u l l . ,  v . 28, pp. 1349, 1350.
Chlamys howei M ansfie ld . T0ULM1N, e t  e l . ,  1951, A la. Geol. Survey 
Spec. Rept. 21, pp. 132, 136.
MATERIAL: Holotype (U. S. Nat. Mus. 498517, l e f t  v a lv e ) :  h e ig h t
49 .9  mm, len g th  50.5 mm, h inge len g th  c a .  29.0  mm, I n f l a t i o n  5 .4  mm; 
r i b s  18, morphotype E. Paratype (U. S. Nat. Mus. 498518, r i g h t  v a lv e ) :  
h e ig h t  36.4 mm, len g th  39.0  mm, I n f l a t i o n  6 .6  mm (measurements f id e  
M ansfie ld , 1940). Holotype and para type  from lowest bed a t  b ridge  over 
Taylor M ill Creek, on Highway 45, 1% m iles  n o r th  o f  Waynesboro, Wayne 
County, ttLss. In  a d d i t io n  to  the types ,  a t o t a l  o f  36 l e f t  va lves  and 
28 r i g h t  va lves a re  he re  r e f e r r e d  to  the nominate su b sp ec ie s .  For 
d e s c r ip t iv e  d a ta  fo r  each in d iv id u a l ,  see appendix D.
DIAGNOSIS: Pec ten  howei having In d iv id u a ls  w ith  c lo s e ly  spaced
c o n c e n tr ic  lam ellae  as the dominant form.
DESCRIPTION: S h e ll  o r b i c u l a r ,  r a t h e r  t h in ,  sm all to  medium-sized,
maximum h e ig h t  51.8  mm (mean h e ig h t  31.31 mm), maximum len g th  55.3 mn 
(mean len g th  32.30 ima), unequally  biconvex; the  r i g h t  va lve  m oderately  
convex (mean I:H “ .173), the l e f t  s l i g h t l y  le a s  convex (mean I:H  ■ 
.139); hinge l in e  s l i g h t l y  concave in  the r i g h t  v a lv e ,  n e a r ly  s t r a i g h t  
in  the l e f t  v a lv e .  Both va lves  sc u lp tu re d  w ith  lew, rounded, smooth 
or o c c a s io n a l ly  u n i l i r a t e  r i b s ;  r i b s  as wide as  or s l i g h t l y  w ider than 
the in te r s p a c e s ;  r i g h t  va lve  w ith  18 to  20 r i b s  (mean 1 9 .1 4 ) ,  l e f t
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v a lv e  w ith  17 to  21 r i b s  (mean 1 9 .14 );  c o n c e n tr ic  lam ellae  c lo s e ly  or 
w id e ly  spaced , the  c lo s e ly  spaced form (morphotype E) be ing  dom inant. 
Ears l a r g e ,  n e a r ly  e q u a l ,  and n o n s t r i a t e d  excep t fo r  1-5 f o r tu i to u s  
th re a d s  on o c c a s io n a l  specim ens; b y ssa l  no tch  sha llow , la c k in g  c te n o -  
lium . Hinge w ith  provinculum and two p a i r s  o f c a r d in a l  c ru r a  and a 
rud im en ta ry  t h i r d  p a i r  on o c c a s io n a l  la rg e  specim ens; one p a i r  of 
a u r i c u l a r  c r u r a  te rm in a t in g  d i s t a l l y  a t  a s t r o n g ,  rounded, oblong 
r id g e ;  r e s i l i a l  p i t  m edium -sized, f r in g e d  w ith  l a t e r a l  r id g e s  in  the 
r i g h t  v a lv e .  Adductor muscle s c a r s  l a r g e ,  a s in g l e  s c a r  in  the  l e f t  
v a lv e ,  not obse rvab le  in  the  r i g h t ;  i n t e r i o r  o f  v a lv es  w ith  d i s t i n c t  
i n t e r n a l  r i b s  which a re  f lu te d  a long  the  v e n t r a l  m argin .
VARIATION: P o p u la tio n s  o f jP. howei howei c o n s i s t  o f  morphotypes D
and E w i th  the  p ro p o r t io n  o f  E g r e a t e r  than  50%. The d i s t r i b u t i o n  of 
morphotypes i s  shown in  f ig u re  15, and th e  v a r i a t i o n s  in  v a r io u s  
c h a r a c te r s  o f the  subspec ies  a re  in d ic a te d  in  t a b l e  7.
TABLE 7: VARIATIONS IN P. howei howei
Bucatunna Clay Chickasawhay Limestone
S e c tio n s_ 1 2 , 13, 14 S e c t io n  08
Range X S.D. n Range X S.D. n
Height to  31.8  ram 25.6 3.82 13 to  51 .8  ran 32.8 8.05 51
I:H r t .  v . 0 .2 0 -0 .2 7 0.23 0.03 5 0 .1 4 -0 .1 9 0.16 0 .50 23
I:H  I f .  v . 0 .1 3 -0 .1 7 0.15 0.02 8 0 .1 2 -0 .1 7 0.14 0.42 28
Ribs r t .  v. 18-19 18.4 0.71 5 18-20 19.3 0 .70 23
Ribs I f .  v. 17-19 18.3 0.93 8 17-21 19.4 0.93 27
In d iv id u a ls  o f  P. howei howei from the  Chickasawhay Limestone have on 
tHe average g r e a t e r  h e ig h t ,  l e s s  conv ex ity  in  the  r i g h t  v a lv e ,  and more 
r i b s  than  specimens from the Bucatunna C lay.
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The two l a r g e s t  va lves  o f  morphotype £ from the Byram-Bucatunna 
I n t e r v a l  a re  from the  Byram Marl a t  H arts B ridge, Alabama ( s e c t io n  14, 
sample 02 ) ,  and they e x h ib i t  near  the  v e n t r a l  margin square  shouldered  
r i b s  w ith  a s u b t le  m edial d e p re s s io n ,  a  f e a tu re  not found in  any o f the 
o th e r  m a te r ia l  from the  Bucatunna-Byram. Although the two va lves  a re  
a ss ig n ed  to  P. h .  m ariannensis  because they  a re  from a sample in  which 
morphotype D i s  the  dominant form, a t t e n t i o n  i s  c a l l e d  to  these  
v a r i a n t s  because they may be im portan t to  the  taxonomy of P. h . howei. 
The v a r i a n t s  may be taxonom ica lly  i n s i g n i f i c a n t  or they may r e p r e s e n t  
the a d u l t  f e a tu r e s  which a re  no t  developed or no t  y e t  found in  the 
s c a n t ,  sm a lle r  s iz ed  m a te r i a l  o f  the Bucatunna C lay.
In the  w r i t e r ’s m a te r ia l  o f P. howei from the  Chickasawhay Limestone 
no p ec ten s  w ith  square  shou ldered  r i b s  were found. However, M ansfield  
(1940, p. 179) p o in ts  out t h a t  the w id e s t  range o f  v a r i a t i o n  in  
"Chlamys" howel i s  in  the form of the r i b s ,  and o c c a s io n a l ly  deve lop ­
ment o f  an obscure secondary l i r a t i o n  on e i t h e r  s id e  o f the  m edial 
th re a d in g  tends to  square  the  r i b .
There a re  d i f f e r e n c e s  between the pec tens  o f  the  Bucatunna Clay and 
the Chickasawhay Limestone ( t a b le  7) which a re  perhaps o f  s u b s p e c i f ic  
s ig n i f i c a n c e .  However, u n t i l  more m a te r ia l  i s  a v a i la b le  from the 
Bucatunna C lay , th e re  seems to  be no v a l id  b a s i s  fo r  taxonomic 
s e p a ra t io n .
OCCURRENCE: Bucatunna Clay o f  sou th  c e n t r a l  Alabama and Chickasawhay
and Paynes Hammock Formations o f  e a s t e r n  M is s i s s ip p i  and w este rn  
Alabama.
LOCALITIES: Samples 03, 04, 05, and 06 a t  C a s t le b e r r y ,  A la . (composite
s e c t io n  12); sample 02 a t  McGowln's b r id g e ,  A la . ( s e c t io n  13); samples 
02 and 03 a t  H arts  b r id g e ,  A la. ( s e c t io n  14); and samples 10 and 11 a t  
S t .  S tephens , A la . ( s e c t io n  0 8 ) .  For a d d i t io n a l  l o c a l i t i e s ,  see  c a t a ­
logue o f  r e f e r e n c e s .
AFFINITIES t  P. howei howei i s  the  d i r e c t  descendent o f  P. howei 
m a r ia n n e n s is ; bo th  Inc lude  o r  p o t e n t i a l l y  in c lu d e  p o p u la tio n s  o f
i
morphotypes A, D, and E. Specimens o f  P. howei howel d i f f e r  on the 
average  from in d iv id u a ls  o f  P. howei m ariannensis  in  b e in g  l a r g e r  and 
in  having le s s  convex r i g h t  va lves  and more c lo s e ly  spaced lam e llae .
Pec ten  howei m ariannensis  Glawe n . subsp .
PI. 4 ,  f i g s .  1, 2 , 4 , 5; PI. 5 , f i g s .  2 , 3 , 4 .
Pecten  (P ec ten ) p o u lso n i  Horton. DALL, 1898, Wagner Free I n s t .  S c i . ,
P h i la d e lp h ia ,  T r a n s . ,  v .  3 , p a r t  4 , p. 719 ( p a r t ? ) .
Pec ten  (P ec ten )  p o u lso n i  Morton. TUCKER-ROWLAND, 1936, Am. Mid.
N a t u r a l i s t ,  v .  17, p . 476 ( p a r t ? ) .
Pecten  p o u ls o n i . MAC NEIL, 1944, Am. Assoc. P e t r o l .  G e o lo g is ts  B u l l . ,  
v .  28, no. 9 , p . 1324, bed 5.
Pecten (Pecten ) p o u lso n i Horton. DELANEY, 1963, Jo u r .  P a leon to logy ,
v . 37, p . 1267 ( p a r t ) ,  p i .  178, f i g .  13.
MATERIAL: Holotype (L o u is ian a  S t a te  U n iv e rs i ty  Geology Museum no.
8076, r i g h t  v a lv e ) :  h e ig h t  32 .8  mm, le n g th  34 .0  mn, h inge le n g th  20.3
mn, i n f l a t i o n  7 .8  on; morphotype D, 17 r i b s .  Paratype  (L ou is iana  S ta te  
U n iv e rs i ty  Geology Museum no. 8077, l e f t  v a lv e ) :  h e ig h t  30 .6  am,
le n g th  31 .5  mm, h inge  le n g th  18.4 mn, i n f l a t i o n  5 .0  mm; morphotype D,
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19 r i b s .  Holotype and p a ra ty p e  a re  from bed 03 a t  Smith q u a r r ie s  near  
Marianna, F lo r id a  ( s e c t io n  18 ). In  a d d i t io n  to  the  ty p e s ,  a  t o t a l  of 
82 l e f t  v a lves  and 36 r i g h t  v a lv e s  a r e  he re  r e f e r r e d  to  t h i s  su b s p e c ie s .  
For d e s c r i p t iv e  d a ta  fo r  each in d iv id u a l ,  see  appendix D.
DIAGNOSIS: Pecten  howei having in d iv id u a ls  w i th  w id e ly  spaced
c o n c e n tr ic  lam e llae  as the  dominant form.
DESCRIPTION: S h e l l  o r b i c u l a r ,  o f  medium th ic k n e s s ;  sm all  to  medium-
s i r e d ,  maximum h e ig h t  41 .2  nm (mean h e ig h t  25 .4  mm), maximum len g th
42 .6  nm (mean le n g th  26 .0  mm); unequa lly  b iconvex , the  r i g h t  va lve  
m odera te ly  convex (mean I:H  ” 0*22), the  l e f t  s l i g h t l y  l e s s  convex 
(mean I:H ” 0 .1 4 ) ;  h inge l in e  s l i g h t l y  concave in  r i g h t  v a lv e ,  n e a r ly  
s t r a i g h t  in  l e f t  v a lv e ;  r i b s  low, rounded, and g e n e r a l ly  w ith  a  r a d i a l  
l i r a ;  r i b s  s l i g h t l y  w ider than  i n te r s p a c e s ;  r i g h t  va lve  w ith  17 to  20 
r i b s  (mean 18 .0) and l e f t  va lve  w ith  17 to  21 r ib a  (mean 1 8 .7 ) ;  
c o n c e n tr ic  lam e llae  c lo s e l y  o r w id e ly  spaced , the w ide ly  spaced form 
(morphotype D) dom inant. Ears f a i r l y  l a r g e ,  n e a r ly  e q u a l ,  and non- 
s t r i a t e d  excep t fo r  1-5 f o r t u i t o u s  th rea d s  on some specim ens; b y ssa l  
no tch  sha llo w , la c k in g  c ten o liu m . Hinge w i th  provinculum , two p a i r s  
o f  c a r d in a l  c r u r a ,  o c c a s io n a l ly  a rud im en ta ry  t h i r d  p a i r ,  and one p a i r  
o f  a u r i c u l a r  c ru r a  te rm in a t in g  d i s t a l l y  a t  a  s t ro n g ,  rounded, oblong ■ 
r id g e ;  r e s i l i a l  p i t  m edium -sized, f r in g e d  w ith  l a t e r a l  r id g e s  in  the 
r i g h t  v a lv e .  Adductor muscle s c a r s  l a rg e ;  i n t e r i o r  o f  v a lv es  w ith  
d i s t i n c t  i n t e r n a l  r i b s  f l u t e d  a lo ng  the  v e n t r a l  m argin .
VARIATION: P o pu la tions  o f  P. howel m ariannensis  c o n s i s t  o f  morpho­
types A, D, and E, the  p ro p o r t io n  o f  D be ing  50X or g r e a t e r  (see
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f ig u r e s  15 and 16). This subspec ies  has low v a r i a b i l i t y  in  morpho­
lo g ic a l  c h a r a c te r s  between d i f f e r e n t  samples.
OCCURRENCE: Marianna and Suwannee Limestones of panhandle F lo r id a .
Glendon and Byram Formations of sou th  c e n t r a l  Alabama and s p a r s e ly  as 
f a r  w est as Sy lvarena , M is s is s ip p i  ( l o c a l i t y  04 ).
LOCALITIES: Samples 01, 02, and 03 a t  near Marianna, F la .  ( s e c t io n
18); sample 00 a t  N a tu ra l  B ridge, F la .  (composite s e c t io n  15); samples 
00 and 01 a t  H arts  b r id g e ,  Ala. ( s e c t io n  14); samples 00 and 01 a t  
McGawin's b r id ge  ( s e c t io n  13); sample 01 a t  C a s t le b e r ry ,  A la . (composite 
s e c t io n  12); samples 08 and 09 a t  S t ,  S tephens, A la. ( s e c t io n  08); 
sample 06 a t  M l l l ry ,  Ala. (composite s e c t io n  0 7 ) ;  sample 04 a t  Waynes­
boro , M iss, (composite s e c t io n  0 6 );  and sample 04 a t  Sy lvarena , Miss, 
(composite s e c t io n  04 ). For a d d i t io n a l  l o c a l i t i e s ,  see  ca ta lo g u e  o f  
r e f e r e n c e s .
AFFINITIES: P. howei m ariannensis  i s  in te rm e d ia te  in  the  chrono log ic
s e r i e s  from P. pe rp lanus perp lanus to  P. howei howei and inc ludes  
p o p u la t io n s  c o n s i s t in g  o f  morphotypes A, D, and E, w ith  D the  dominant 
form. P. perp lanus perp lanus p op u la tio ns  a re  dominated by morphotype 
A, and P. howei howei p o p u la tio n s  by morphotype E. Comparisons 
between v a r io u s  c h a r a c te r s  of these  taxa  a re  shown in  t a b le  8.
TABLE 8: PECTEN PERPLANUS STOCK
P. p . pe rp lanus P . p. poulson i
I -
p. byramensis P. h . m ariannensis P. h . howel
Range Mean S.D. N Range Mean S.D, N Range Mean S.D. N Range Mean S.D. N Range Mean S.D. N
Height to  36.4 20.37 4.17 356 to  34.3 20.17 4 .53 752 to  38.8 22.05 5.57 749 to  41.2 25.^7 5.34 118 to  51.8 31.31 8.29 64
Length to  37.5 20.85 4 .35 350 to  37.2 20.88 4.81 724 to  39.0 22.67 5.93 729 to  42.6 26.00 5.80 113 to  55.3 32.30 8.61 62
Hinge
Length to  22 .6 13.40 2.71 154 t o  19.5 12.82 2.88 381 to  23 .0 13.05 3.33 357 to  27.7 15.59 3.62 61 to  25.7 17.96 4 .0 8 39
I n f l a t i o n  
r t .  v. to  9 .2 4 .91 1.87 105 to  13.8 6.43 2.59 162 to  12.6 6.71 2.42 244 to  9 .4 5.91 1.87 36 to  8.7 5.53 1.30 28
I n f l a t i o n
I f .  V . to  7 .3 3.02 1.08 263 to  5.5 2.66 0.87 560 to  6 .8 3.27 1.05 452 to  5 .6 3.47 1.24 79 to  6.9 4 .26 1.29 36
I :H  r t .  v. .1 4 - .3 3 0.25 0 .04 101 .1 2 - .4 6 0.31 0 .08 159 .1 3 - .4 6 0.29 0.07 242 .1 5 - .2 8 0.22 0.03 35 .1 4 - .2 7 0.17 0.45 28
I :H  I f .  v. .0 9 - .2 3 0.16 0.02 248 .0 6 - .3 3 0 .14 0 .03 553 .09- .21 0.15 0 .02 448 .0 9 - .1 9 0.14 0.02 77 .1 2 - .1 7 0.14 0.37 36
Riba r t .  v. 15- 21 17.85 1.09 97 16- 21 18.53 1.18 156 17- 23 19.41 0.88 263 17- 20 18.03 0 .65 36 18- 20 19.14 0.76 28
Ribs I f .  v . 15- 22 17.96 1.12 238 15- 22 18.39 1.24 524 17- 22 19.56 1.29 476 17- 21 18.67 0.68 67 17- 21 19.14 1.03 35
Measurements of size in  mn
U>
CATALOGUE OF REFERENCES TO THE 
PECTEN PERPLANUS STOCK
R eferences to  the Pecten  p e rp lan us  s to c k  are  l i s t e d  a lp h a ­
b e t i c a l l y ,  and each sp e c ie s  c i t a t i o n  I s  e v a lu a te d  In  accordance w ith  
the su b sp ec ies  d e f in e d  In  t h i s  r e p o r t .  F req u en tly  the lo c a t io n  
(Loc.) o r geo log ic  ho rizon  (H or.)  g iven  I s  so In ex a c t  th a t  two o r 
more su b sp ec ies  a re  co n s id e red  p o s s ib le  e q u iv a le n ts  o f the sp e c ie s  
c i t a t i o n .  The w r i t e r ' s  I n t e r p r e t a t i o n s  a re  p laced  in  p a re n th e s e s .
ALDRICH, T. H ., 1885, O bserva tions  on the  T e r t i a r y  o f  Alabama:
Am. Jo u r .  S c i . ,  s e r .  3, v .  30, p . 300-308.
p. 301, P. p ou lson i = P. £ .  p o u lso n i and P. £ .  by ram en sis .
Loc. On Randon1s c re ek  so u th  .of C la ib o rn e ,  A la . Hor. not g iven 
(Marianna, Glendon, and Byram Fm s.). 
p. 306, £ .  pe rp lanus  “ C. s p l l lm a n l . Loc. mile n o r th  o f S t .  
S tephens B lu f f ,  Ala. Hor. bed 4 In  p a r t  (Cocoa, Pachuta , and 
Shubuta Fms. ) .
___________  1886, P re l im in a ry  r e p o r t  upon the T e r t i a r y  f o s s i l s  of
Alabama and M is s i s s ip p i :  A la . Geol. Survey B u l l .  1, p . 15-60.
p. 43, P. pe rp lanus  “ C. s p l l lm a n l . Loc. V ic in i ty  o f C la ib o rn e ,  
A la . ,  "The Rocks", C la rk e  C r . ,  A la . ,  and S t .  S tephens , Ala.
Hor. T e r t i a r y  (Cocoa, Pachu ta , and Shubuta Fm s.).
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p. 43 , P. p o u lso n i  ■ _P. pe rp lanus subsp . Loc. V ic in i ty  o f  C la ib o rn e ,  
A la . and S t .  S tephens , A la . Hor. T e r t i a r y  (Red B lu ff  Fm. to  Byram 
Fm.) .
p. 43, P. po u lso n i -  no t P. pou lson i Morton. Loc. Choctaw B lu f f ,
Ala. Hor. Lower Chickasawhay Fm.
BERGQUIST, H. R . , 1942, S c o t t  County geology: Miss. S ta te  G eol. Survey
B u l l .  49, 146 p.
p. 36, P. pe rp lanu s  53 £ .  s p i l lm a n i . Loc. Ro&dcut 2 m iles n o r th  o f  
F o re s t ,  M iss. Hor. Yazoo Clay (probably  Pachuta Marl e q u iv a le n t ) ,  
p . 45, P. pe rp lanus  = C. s p i l lm a n i . Loc. S c o t t  County, Miss.
Hor. Yazoo Clay (Yazoo Group).
BRONN, H. G . , 1848, Index P a laeo n to lo g lcu s  Oder U bers ich t  d e r  b is  
j e t z t  bekannten F o s s l le n  Organlsmen: b e a r b e i t e t  u n te r  mitwirkund
d e r  Herrn P ro f .  H. R. Goppert und Herrn V. Meyer, P t .  I .  Nomenclator
p a la e o n to lo g lc u s ,  v . 1, S t u t t g a r t ,  1381 p.
p. 251, P. pe rp lanus  * jP. p e rp la n u s? Loc, America. Hor. Kxeide 
(now Jack so n ian  to  V ic k sb u rg ia n ) . 
p . 251, £ .  p o u lso n i ■ £ .  £ .  po u lson i and £ .  j>. byram ensis . Loc. 
America. Hor. Kreide (Oligocene-M arianna Fm. to  Byram Fm.).
CHAWNER, W. 0 . ,  1936, Geology o f C atahoula  and Concordia P a r ish e s :  La.
Geol. Survey B u l l .  no. 9 , 232 p.
p. 84, P. pe rp lanus  ■ £ .  n u p e ra . Loc. Numerous l o c a l i t i e s  on the 
O uachita  R iver below Columbia, La. Hor. Jackson (Upper Eocene).
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p. 100, 107, P. pou lson i « P. £ .  byram ensis . Loc. R.R. c u t  0 .1  
m ile  e a s t  o f  R o se f le ld ,  La. cem etery . Hor. Vicksburg (Glendon 
L s . e q u iv a l e n t ) .
CHEETHAM, A. H ., 1957, Eocene-Oligocene boundary, e a s t e r n  Gulf C o as t  
re g io n :  Gulf Coast Assoc. Geol. Soc. T ra n s . ,  v . 7, p . 89-97.
p. 90, P. po u lson i ■ P. £ .  pou lson i and P. £ .  by ram ensis . Loc. no t 
g iven . Hor. V icksburg lan .
CLARK, W. B . , 1891, The Eocene o f  the  United S t a t e s :  U. S. Geol.
Survey B u l l .  83, p. 15-146, Eocene o f  Alabama: p. 57-66. 
p. 57, P. pe rp lanus * C_. s p l l lm a n l . Loc. F la .  Hor. Eocene (Ocala
Gr. ) .
p. 65, P. pe rp lanus  -  C. s p l l lm a n l . Loc. A la . Hor. Lower d iv i s io n
of "White Limestone" o f  Smith and Johnson ( inc lud ed  Moodys Branch 
to  Red B lu f f ) .
p. 67, P. pou lson i ■ £ .  po u lson i and P. £ .  by ram ensis . Loc.
M is s i s s ip p i .  Hor. V icksburg (Marianna, Glendon, and Byram Fms.). 
p. 76, pou lson i -  £ .  £ .  b y ram en sis . Loc. L o u is ia n a .  Hor.
Vicksburg (? R o se f le ld  b e d s ) ,  
p . 82, P . po u lso n i » _P. h . m ariannensis  and I?. £ .  by ram ensis . Loc. 
F lo r id a .  Hor. Vicksburg (Marianna and Suwannee Fm s.).
CONRAD, T. A., 1845, D e sc r ip t io n s  o f e ig h t  new f o s s i l  s h e l l s  o f  the
United S t a te s :  Acad. Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v .  2 , p. 173-175.
p. 174, P. e l i x a t u s  * P. e l i x a t u s . Loc. Near Santee C anal, South
C a ro lin a .  Hor. F r ia b le  w h ite  lim estone  (p robab ly  the Santee
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Limestone - Jackson ian , o r C la lb o rn lan  (Cooke and MacNell, 1952)).
_______  1846, Eocene form ations of the Walnut H i l l s ,  e t c . ,  M iss is-
s ip p i :  Am. Jo u r .  S c l . ,  s e r .  2, v . 1, p. 210-215.
p. 210, P. pou lson i ■ £ . poulson i and P. j>. byram ensis . Loc.
Walnut H i l l s  (no rth  of Vicksburg, M is s .) .  Hor. Eocene ( red e f in e d - 
O ligocene: Mint Spring Fm. to  Byram Fm.).
________ 1846, O bservations on the Eocene form ations of the  United
S ta te s ,  w ith  d e s c r ip t io n  o f  sp e c ie s  o f s h e l l s ,  e t c . ,  occurlng  in  i t :  
Am. Jo u r .  S c i . ,  s e r .  2, v . 1, p. 209-220.
p. 210, £ .  pou lson i * £ . £ .  poulsoni and £ . j>. byram ensis . Loc.
Miss, and Ala. Hor. Eocene (red e f in e d  Oligocene: Marianna Fm. to 
Byram Fm.) .
p. 210, P. pe rp lanus ■ £ . j>. perp lanus or C. s p i l lm a n i . Loc. Miss, 
and Ala. Hor. Eocene (Jackson ian  to  V ic k sb u rg lan ) .
________  1848, O bservations on the Eocene form ations and d e s c r ip t io n
of one hundred and f iv e  new f o s s i l s  of th a t  p e r io d ,  from the v i c i n i t y  
o f  Vicksburg, M is s is s ip p i :  Acad. Nat. S c i .  P h i la d e lp h ia  J o u r . ,  
s e r .  2, v . 1, p. 111-134.
p. 130, p i .  14, f i g s .  13, 14, P. e l i x a tu s  ■ P. e l i x a t u s . Loc. Near 
Santee Canal, South C a ro l in a .  Hor. White f r i a b l e  l im estone , upper 
Eocene (M id-C lalbornlan a f t e r  Cooke and MacNell, 1952).
1865, Catalogue o f  the Eocene and Oligocene T estacea  of the 
United S ta te s :  Am. Jo u r .  Conchology, v . 1, p. 1-35. 
p. 14, P. perp lanus * P. £ .  perp lanus or C. s p l l lm a n l . Loc. S t .  
S tephens, Ala. Hor. Eocene and Oligocene.
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p. 14, P. p ou lson i ■ P. £ .  po u lson i and P. £ .  by ram ensis . Loc. S t .  
S tephens , Ala. Hor. (M arianna, Glendon, and Byram Fm s.).
___________ 1865, O bserva tions on American f o s s i l s ,  w ith  d e s c r ip t io n s  o f
two new s p e c ie s :  Acad. Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v . 17, p. 184. 
p. 184, j>. pou lson i “ P. £ .  pou lson i and £ .  £ .  b y ram en sis . Loc. 
J a sp e r  C o ., Miss. Hor. Jackson-Eocene ( re d e f in e d  O llgocene- 
Marianna, Glendon, and Byram Fm s.). 
p. 184, P. pe rp lanus  * £ .  s p l l lm a n l . Loc. J a sp e r  C o ., Miss. Hor. 
Jackson-Eocene (Pachuta  Fm.) .
1866, C h e c k l is t  o f  the I n v e r t e b r a te  f o s s i l s  o f  North America; 
Eocene and O ligocene: Sm ithsonian  Misc. C o l le c t io n ,  v .  7, (200),
41 p.
P* 23, J a n i r a  e l i x a t a  Conrad =* not Pecten e l i x a t u s  Conrad. Loc.
Miss. Hor. Upper Eocene, 
p. 23, J a n i r a  p ou lson i ■ P. £ .  p o u lso n i and P. £ .  b y ram en sis . Loc. 
A la. Hor. Upper Eocene ( re d e f in e d  O ligocene-M arianna, Glendon, 
and Byram Fms. ) .
COOKE, C. W., 1915, The age o f  the  Ocala Limestone: U. S. Geol. Survey 
P ro f .  Paper 95, p. 107-117.
p. 109, P. po u lson i ( v a r . ? )  » f \  h . m a r ia n n e n s is . Loc. C hipo la  
R iver ^ m ile  e a s t  o f Marianna, F la .  Hor. Marianna Fm. Bed 5. 
p. I l l ,  P. p e rp lanus  ” C_. s p i l lm a n i . Loc. - n o t  g iv en . Hor. Ocala 
Gr.
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p. 113, P. p e rp lanus  * C. s p i l lm a n i . Loc. Quarry 2 m iles  SE. o f 
O cala , F la .  and quarry  6% m ile s  n o r th  o f Ocala, F la .  Hor. Ocala 
C r.
p. 114, P. perplanuB ” C. s p i l lm a n i . Locs. 1% m iles  NW. o f  Newberry 
F la .  and hi m ile  NW. of F o r t  White, F la .  Hor. Ocala Gr. 
p. 115, P. pe rp lanus  ■ C. s p i l lm a n i . Loc. Willow Branch, 4 m iles 
w est o f S i l a s ,  Ala. Hor. Jackson  Fm. bed 11 (Pachuta Fm.). 
p. 116, P. a f f .  P. pou lson i ■ P. £ .  p e rp la n u s . Loc. 3% m iles  SE. o f 
Cullomburg, Ala. Hor. beds 6 and 7 (Red B lu f f  Fm.). 
p. 116, P. pe rp lanus ■* C. s p i l lm a n i . Locs. 3% m iles  SE. o f
Cullomburg, Ala. and 2% m iles  e a s t  o f  Melvin, A la. Hor. "Zeuglodon 
Bed" (Pachuta  Fm.). 
p . 117, P. a f f .  P. po u lso n i -  P. ]>. pe rp lanus?  Loc. near  Melvin,
Ala. Hor. ? "Zeuglodon Bed" (Pachuta  Fm.).
_______ 1918, C o r r e la t io n  o f  the d e p o s i t s  o f  Jackson and Vicksburg
ages in  M is s is s ip p i  and Alabama: Wash. Acad. Science J o u r . ,  v .  8, 
p. 186-198.
p. 189, P. pe rp lan us  ” C. s p i l lm a n i . Loc. Choctaw and Washington 
C o u n tie s ,  A la. and a d ja c e n t  p a r t s  o f  Miss. Hor. "Zeuglodon Bed", 
bed 4 (Pachuta Fm.) .  
p. 189, £ .  p e rp lanus  * C. n u p e ra . Loc. same as the  p rec ed in g .  Hor.
" S c u te l l a  Bed" of Jackson  Fm. (Moodys Branch Fm.). 
p. 194, P. p ou lson i  "  £ .  h .  m a r ia n n e n s is . Loc. Marianna, F la .  Hor. 
Marianna Fm.
p. 194, P. p e rp lanus m C. s p i l lm a n i . Loc. Marianna, F la .  Hor.
Upper Eocene (Ocala G r . ) .
p. 195, P. pou lson i ■ P. £ ,  b y ram en sis . Loc. Miss, and Ala. Hor. 
Glendon Fm.
________ 1922, The Byram C alcareous Marl o f M is s i s s ip p i :  U. S. Geol.
Survey Prof. Paper 129, p. 79-85.
p. 81, P. p o u lson i m 1?. £ .  b y ram en sis . Loc. Between Hal t e r  s v i  l i e  
and the N a tio n a l  Cemetery, V icksburg, Miss. Hor. Glendon Fm. beds 
1 and 2; Byram Marl beds 8 and 9.
p. 82, £ .  poulsoni “ P. £ . byramensis. Loc. 2 miles NW. of Waynes­
boro, Miss. Hor. Byram Marl.
p. 84, P. pou lson i * P. £ . by ram en sis . Locs. Haynes B lu f f ,  Warren 
Co. M iss .;  #3722 V icksburg, M iss . ;  #3729 Vicksburg, M iss .;  #6449 
C onfedera te  Ave., V icksburg , M iss .;  #5623 Byram, M iss . ;  #6454 
above b r id g e ,  Byram, M iss . i  #6455 a t  b r id g e ,  Byram, M iss . ;  #5615 
and #7376 on Leaf R iv er ,  3 /4  m iles  SE. o f  Blakeney, Miss. Hor. 
Byram Marl.
p. 84, P. p ou lson i » P. £• p o u ls o n i . Loc. - n o t  g iven . Hor. Mint 
Spring  Marl.
 1923, The c o r r e l a t i o n  o f  the  Vicksburg Group: U. S. Geol.
Survey P ro f .  Paper 133, p . 1-9 .
p. 2 , P. p o u lso n i ” P. £ .  p e rp la n u s , P. £ .  p o u ls o n i , and P. h . 
m a r ia n n e n s is . Loc. Miss, to  F la .  Hor. Marianna Fm.
p. 7, £ .  poulsoni •  P. £. byramensis? Loc. - not given. Hor. 
"typical" Glendon Fm.
_________ 1926, The Cenozoic Formations: p. 251-297, in ADAtC. G. I . ,
BUTTS, CHARLES, STEPHENSON, L. W., and COOKE, C. W., Geology of
81
Alabama: Ala. Geol. Survey Spec. Rept. no. 14, 312 p. 
p. 272, P. perp lanus -  C. s p i l lm a n i . Loc. Willow Branch, 4 m iles 
west of S i l a s ,  A la. Hor. Jackson (Cocoa, Pachuta, and ?Shubuta 
Fms. ) .
p. 274, P. perp lanus ■ C. s p i l lm a n i . Loc. Choctaw, C o ., Ala. Hor.
Jackson bed 4 (Pachuta Fm.). 
p. 274, P. perp lanus ■ £ .  nup era . Loc. Choctaw, C o., Ala. Hor.
Jackson bed 1 (Moodys Branch Fm.). 
p. 277, P. s£ . a C. s p i l lm a n i? Loc. sou th  of Brooklyn, Ala. a t  the 
mouth of Amos M ill  Creek. Hor. (Ocala G r . ,  b a sa l  p o r t io n ) ,
p. 280, £ .  perp lanus * C. s p i l lm a n i . Loc. 3*j m iles SE. of Cullom­
burg , Ala. Hor. "Zeuglodon Bed" (Pachuta  Fm.). 
p. 281, P. poulson i ■ P. £ .  p o u lso n i . Loc. M onroeville , Ala. Hor. 
Marianna Fm.
p. 282, P. pou lson i = £ . £ .  poulson i and £ .  £ .  byram ensis . Loc.
S u g g e sv i l le ,  A la. Hor. (Marianna and Glendon Fms.). 
p. 283, P. pou lson i = P. £ .  byramensis -bed 8, P. £ .  pou lson i -bed 
£• perp lanus -bed 4 , P. £ .  perp lanus -bed 2. Loc. S t .
Stephens B lu f f ,  Ala. Hor. Glendon bed 8, Marianna beds 7 and 4,
and Red B lu ff  bed 2. 
p. 284, P. pou lson i 31 P. £ .  byram ensis . Loc. W h i t s e t t 's  q u a r r ie s  south  
o f  Cullomburg, Ala. Hor. Glendon Fm. bed 6.
p. 284, P. po u lson i 3 P. £ .  p o u lso n i . Loc. same as the p reced ing .
Hor. Marianna Fm. beds 2 and 4. 
p. 288, JP. pou lson i •  P. £ .  byram ensis . Loc. Paynes Hammock, sou th
of Jackson, Ala. Hor. Glendon Fm. bed 2.
p. 290, P. poulson i ■ P. jj. by ram ensis . Loc. L ovetts  Creek, Monroe 
Co., Ala. Hor. (Byram Fm.). 
p. 292, P. pou lson i ■ P. h . m ar ian n e n s is . Loc. 1 m ile  n o r th  of 
McGowin Bridge on the  Conecuh R iver, w est of A ndalusia , Ala. Hor. 
Byram Fm.
p. 293, P. pou lson i =“ P. £. byramensis and P. h. m ar ian n en s is . Loc.
H arts B ridge, Five Runs R iver, Covington, Co., Ala. Hor. Byram Fm. 
p. 293, P. poulson i * P. £ .  byram ensis . Loc. Covington, Co., Ala. 
Hor. Ryram Fm.
p i .  97, f i g s .  l a ,  l b ,  P. pou lson i ■ £ . j>. p o u lso n i . Loc. Smith Co., 
Miss. Hor. Marianna Fm.
1928, New Vicksburg (Oligocene) mollusks from Mexico: 0 .  S. 
Nat. Mus. P ro c . ,  v . 73, a r t .  10, 11 p.
p. 2, Pecten p o u lso n i? ■ £ . £ .  poulsoni?  Loc. Mexico. Hor. Alzan- 
O ligocene .
________ and M0SSOM, STUART, 1928, Geology o f  F lo r id a :  P la .  Geol.
Survey, 20th Ann. R e p t . ,  p. 29-227.
p. 52, P. pe rp lanus -  C. s p i l lm a n i . Loc. - not g iven . Hor. Ocala 
Gr.
p . 54, P. llp e rp la n u sM D ali « C. s p i l lm a n i . Loc. Alachua s in k ,  SE.
of G a in s v i l l e ,  F la .  Hor. Ocala Gr.
p. 60, P. pou lson i * P. h. m ar ian n e n s is . Loc. Chipola  River e a s t  of
Marianna, F la .  Hor. Marianna Fm. bed 5.
p. 62, p i .  7, f i g s .  l a ,  lb ,  £ .  pou lson i ■ P. j>. p o u lso n i . Loc.
- no t g iven . Hor. Vicksburg Group (Mint Spring - Marianna Fms.
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p. 63, P. p ou lson i ■ P. h . m a r ia n n e n s is . Loc. - no t g iven . Hor. 
Marianna Fm.
p . 63, P. pe rp lanus ■ C. s p i l lm a n i . Loc. ( F lo r id a ) .  Hor. Ocala Gr. 
p. 65, 66, £ .  pou lson i ■ P. h .  m ar ia n n e n s is . Loc. Marianna, F la .
and % m ile  e a s t  o f  C o tto n d a le ,  F la .  Hor. Marianna Fm.
p. 69, P. po u lson i -  P. £ .  byram ensis? Loc. Holmes C o ., F la .  Hor.
r e s id u a l  c h e r t  b locks from Glendon Fm. 
p. 75, P. pou lson i -  P. £ .  byram ensis and P. Ji. m a r ia n n e n s is . Loc.
N a tu ra l  B ridge , 7 m ile s  SE. o f F io r a la ,  A la. Hor. Byram Fm. bed 3.
p. 76, P. pou lson i ■ P. m a r ia n n e n s is? Loc. 3 m iles  SE. of
Marianna, F la .  and 3 .4  m iles  SE. Blue S p r in g s ,  F la .  Hor. Glendon 
Fta. ( ? ) .
 ______  1935, Notes on the Vicksburg Group: Am. Assoc. Petroleum
G e o lo g is ts  B u l l . ,  v . 19, p. 1162-1172.
p. 1168, P. pou lso n i ” P. £ ,  b y ram en sis . Loc. Waynesboro, Miss.
Hor. Byram Fm.
p. 1168, P. po u lso n i -  P. £ .  b y ram en sis . Loc. Waynesboro, Miss.
Hor. Glendon Fm.
p. 1168, P. pou lson i » P. £ .  p o u ls o n i . Loc. Waynesboro, Miss. Hor. 
Marianna Fm.
________  1945, Geology of F lo r id a :  F la .  Geol. Survey B u l l .  no. 29,
339 p.
p. 62, £ .  “p e rp la n u s” •  C. s p i l lm a n i . Loc. F lo r id a .  Hor. Ocala Gr. 
p. 63, P. “p e rp la n u s” ■ C. s p i l lm a n i . Loc. Alachua s in k ,  3% m iles  
SE. o f  G a in s v i l l e ,  F la .  Hor. Ocala Gr.
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p. 65, _P. “p e rp la n u s11 ■ £ .  s p l l lm a n l . Loc. S te  inha  tehee R iver , 2 
m ile s  below highway 19. Hor. Ocala Gr. 
p. 67, £ .  pou lson i ■ £ .  p e rp la n u s . Loc. Quarry, 2 m ile s  SSE. of
Cam pbellton, F la .  Hor. Lower Marianna Fm. (Bumpnose Fm. a f t e r  
Moore, 1955).
p. 78, P. poulsoni * P. h. mariannensis. Loc. Florida. Hor. 
Marianna Fm.
p. 80, JP. po u lso n i ■ P. h . m a r ia n n e n s is . Loc. C hipola  R iv e r ,  e a s t  
o f M arianna, F la .  Hor. Marianna Fm. bed 2. 
p. 80, 83, a f f .  £ .  pou lson i ■ P. h_. m a r ia n n e n s is? Loc, Marianna, 
F l a . ,  road c u t  a long  highway 90 j u s t  west o f the  C hipola  R iver 
B r id g e . H or. Byram L s. bed 3 (Suwannee Fm.) .
COSSMAN, M., 1893, Notes com plem entaries su r  le  faune Eoc^nique de 
1 'Alabama: Annales de Geologie e t  de P a le o n to lo g ie , Book 12, 52 p.
(A supplement and r e v i s io n  of de G reg o rio , 1890).
p . 18, Janira poulsoni -  P. £ .  poulsoni and P. £ .  byramensis. Loc. 
near Claiborne, Ala. Hor. "White limestone" (Marianna, Glendon, 
and Byram Fms.).
DALL, W. H . , 1898, T e r t i a r y  fauna o f F lo r id a :  Wagner Free I n s t .  S c i . ,  
P h i la d e lp h ia  T ra n s . ,  v . 3 , p a r t  4 ,  947 p.
p. 719, £ .  (Pecten) pou lson i * P. h . m a r ia n n e n s is . P. £ .  p o u ls o n i . 
and JP. £ .  by ram ensis . Locs. V icksburg , C a rso n 's  C reek, Wayne 
C o ., and Shubuta, M iss . ;  n ear  R o se f le ld ,  L a . ,  Vaughan; near 
A rcher, F l a . ,  D a l i ;  a t  J a rv e s  S p r in g ,  F l a . ,  W illcox . Hor.
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V lcksburg lan  (Marianna Fm. to  Byram Fm. in  Miss, and A la . ;
Marianna and Suwannee Fms. in  F l a . ) ,
p. 732, P. (Aequipecten) pe rp lanus » C. s p i l lm a n i . Locs. Cocoa 
Post O ff ic e ,  Choctaw Co., and F a i r  Post O ff ic e ,  Ala; Pachuta 
Creek and C larke  C o., M iss .;  O cala , F l a . ,  D a l i ,  Burns, and 
Johnson, Grant P a r ish  ( ? ) ,  L a . ,  Johnson. Hor. Jackson ian  (Cocoa,
Pachuta, and ?Shubuta Fms: o f  Miss, and w este rn  A la . ;  Ocala Group
of e a s t e r n  Ala. and F l a . ) .
__________ 1903, T e r t i a r y  fauna of F lo r id a :  Wagner Free I n s t .  S c i . ,
P h i la d e lp h ia ,  T ra n s . ,  v . 3 , p a r t  6, p. 1219-1654.
p. 1557, P. (Aequipecten) pe rp lanus  ■ C. s p i l lm a n i? Loc. Ocala,
F la .  Hor. Ocala G r . ,  Faunal l i s t .  Loc. Vicksburg (This sp e c ie s  
i s  no t  known from Vicksburg, M is s . ) .
DE GREGORIO, ANTOINE, 1890, Monographie de l a  faune Eocenique de
L*Alabama: Annales de Geologie e t  de P a le o n to lo g ie ,  Books 7 e t  8,
316 p. 46 p i .
p. 181, p i . 21, f i g s .  17-25, P. ( J a n i r a )  promens de G regorio  *
P. £ .  p o u lso n i? Loc. Ala. Hor. - no t g iven , 
p. 182, £l_. 21, f i g .  27, JP.  ( J a n i r a )  pou lson i » P. £ .  p o u lso n i?
Loc. Ala. Hor. - not g iven , 
p . 182, p i . 21, f i g s .  30, 31, P. pe rp lanus  “ P. p e rp la n u s . 
( re p ro d u c t io n  o f  M orton). Loc. Ala. Hor. - n o t  g iven .
DELANEY, P. J . , 1963, S t r a t i g r a p h lc  s ig n i f ic a n c e  o f  V lcksburglan  
P e c t ln id a e :  Jo u r .  P a leon to log y , v . 37, no. 6, p. 1265-1271.
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p. 1267 ( p a r t ) ,  p i .  178, f i g s .  1, 2, 3, 4 ,  7, 8 , 10, 11, Pecten 
(Pec ten )  pou lson i Horton ■ P. £ .  p o u ls o n i . Hor. and Loc. - f i g s .
1, 2, 3 , Mint S p rin g , V icksburg, M iss .;  f i g s .  4 , 7, 8 , 10, 11, 
Marianna L s . ,  Brandon Quarry, Brandon, Miss, 
p. 1267 ( p a r t ) ,  p i .  178, f i g s .  5 , 6 , 9, 12, 14, Pecten (Pecten) 
po u lson i Morton -  P. £ .  b y ram en sis . Hor. and Loc. - f i g s .  5 , 6,
14, Byram Fm., Hennessey Bayou, Warren County, M iss . ;  f i g .  9,
Byram Fm., V icksburg, M iss . ;  and f i g .  12, Byram Fm., type s e c t io n ,  
Byram, Miss.
p. 1267 ( p a r t ) ,  p i .  178, f i g .  13, Pecten  (P ec ten )  p ou lson i "  P. h. 
m a r ia n n e n s is . Hor. and Loc. - Byram Fm., S t .  Stephens Quarry, S t .  
S tephens , Ala.
DeVRIES, D. A ., 1963, J a sp e r  County M ineral Resources: Miss. Geol. Econ. 
Topo. Survey B u l l .  95, 101 p.
p. 27, P. p e rp lanus  * C. s p i l lm a n i . Loc. S c o t t  Co., Miss. Hor.
Pecten-Bryocoa bed (Pachuta  Fm.). 
p. 28, Pecten s p . ■ £ .  s p i l lm a n i . Loc. C enter o f  Sec. 11, T. 3 
N., R. 12 E. Hor. Pachuta  Marl.
GARDNER, J .  A ., 1945, Mollusca o f  the T e r t i a r y  fo rm ations  o f n o r th e a s t  
Mexico: Geol. Soc. America Hem. 11, 332 p.
p. 62, P. (P ec ten )  s p . c f .  P. (P .)  po u lso n i ■ P. £ .  p o u lso n i? Loc. 
U.S.G.S. S ta .  14146, P-23, NE. Mexico. Hor. Vicksburg (Lower and 
Middle O ligocene). 
p. 62, 63, £ .  (Pecten) byram ensis -  P. £ .  by ram ensis . Type L o c a l i ty  - 
P e a r l  R iv e r ,  j u s t  above the  b r id g e  a t  Byram, Hinds County, Miss.
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( r i g h t  c o ty p e ) ;  top o f  b l u f f  o p p o s i te  second sawmill s l i g h t l y  
above second h o r izo n , V icksburg, M iss, ( l e f t  c o ty p e ) .  Hor. Byram 
M arl. (No i l l u s t r a t i o n ) ,  
p. 62, 63, p i .  10, f i g s .  1-4 , P. (P .)  byramensis =* ]?. £ .  by ram en sls . 
Locs. U .S.G.S. S ta .  133181 (P -25 ) ,  Rancho G igan te , Escondido,
Mendez, Tam aulipas, and q u e s t io n a b ly  U.S.G.S. S ta s .  13535 (N-17),
14034 (P -2 5 ) ,  and 13532 (0 -1 9 ) .  Hor. Upper Oligocene sands tone .
___________ 1957, L i t t l e  Stave Creek, Alabama - p a leo eco lo g ic  s tudy : in
Hedgpeth, J .  W., E d i t o r , T re a t i s e  on marine ecology and p a leo eco lo g y , 
v . 2, Paleocology: Geol. Soc. America Mem. 67, v . 2 , p. 573-588. 
p. 586, po u lso n i 31 ]?. £ .  pe rp lanus and I?. £ .  p o u lso n i . Loc.
L i t t l e  Stave C reek, Jackson , A la. Hor. Marianna Fm. 
p l a t e  1 ( L i t t l e  S tave Creek measured s e c t io n )
P. p o u lso n i ( s .  s . )  = £ .  p e rp la n u s . Hor. Marianna Fra. (exc lud ing
the  lower p a r t ) .
HARRIS, G. D ., 1951, P re l im in a ry  n o tes  on Ocala b iv a lv e s :  B u ll .  Am. Pa leon­
to lo g y ,  v . 33, no. 138, 55 p . ,  13 p i s .
p. 8 , p i .  3 , f i g s ,  5 -8 ,  Pec ten  perp lanus Morton, v a r .  -  P. £ .
p e rp la n u s . Loc. J -5  o f F lo r id a  Geol. Survey (Sam S m ith 's  Quarry)
NW. o f Marianna, F la .  Hor. Ocala Gr. ( c o r r e c t l y  r e f e r r e d  to
Bumpnose L s . in  Palmer and Brann, (1965).
_ _ _ _ _ _ _ _  and PAIMER, K. V. W., 1946, The M olluscs o f the  Jackson
Eocene o f  the  M is s i s s ip p i  embayment: B u ll .  Am. P a leon to log y , v. 30, 
no. 117, s e c .  1, 206 p.
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p. 27, P. pe rp lanus  -  P. £ .  pe rp lanus  and £ .  £ .  byram ensls .
p i .  7, f i g s .  5 , 7 , 8 , P. p e rp lanus  -  P. £ .  p e rp la n u s . Loc. top 
of b lue  c la y ,  i  m ile  below cement p la n t  a t  S t ,  Stephens B lu f f ,  
A la . Hor. Red B lu f f  C lay, 
p i .  7, f i g .  6, JP, p e rp lanus  * P. £ .  p e rp la n u s . Loc. top  of Gopher 
H i l l  Quarry above S t .  Stephens B lu f f ,  Ala. Hor. (Red B lu ff  
Clay o r ? b a s a l  Marianna Pm,), 
p i .  7, f i g .  9, P. pe rp lanus «* JP.  £ .  pe rp lanus  ( t r i l i r a t e  v a r i e t y ) .
Loc. same as fo r  f i g s .  5, 7 , and 8. Hor. Red B lu f f  C lay, 
p i .  7, f i g s .  10, 11, P. p e rp lanus  =* £ .  £ .  by ram ensls . Loc. Byram, 
M iss. Hor. Oligocene (Byram Fra.) .
HEILPRIN, ANGELO, 1881, On some new Lower Eocene M ollusca from C larke  
C o., A la . ,  w ith  some p o in ts  as to  the  s t r a t i g r a p h l c a l  p o s i t io n  of 
the  beds c o n ta in in g  them: Acad. Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v . 32, 
p. 364-375.
p. 366, P. p o u lso n i a Not P. pou lson i Morton. Loc. Wood's B lu f f ,
28 m ile s  n o r th  o f  S t .  S tephens , A la . Hor. (7 ) .
p. 369, £ .  po u lso n i  =* £ .  £ .  pou lson i  and JP.  £ .  by ram ensls . Loc.
C larke  C o ., Ala. Hor. - no t g iven .
___________  1881, Notes on the  T e r t i a r y  geology o f the  so u th e rn  United
S t a t e s :  Acad. Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v . 33, p . 151-159. 
p. 158, J P .  p o u lson i ■ _P. £ .  p o u lso n i  and £ .  £ .  by ram ensls . Loc.
S t .  Stephens B lu f f ,  A la . Hor. S t .  Stephens White Lime (Inc luded  
Moodys Branch Fm. to  Glendon Fm.) .
89
___________  1881, A r e v i s io n  o f  the  C ls -M is s l s s ip p l  Pectens o f the United
S t a te s :  Acad. Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v . 33, p. 416-422.
(Faunal l i s t ) .
p. 417, P. e l i x a t u s  * P. e l i x a t u s . Loc. S. C a ro l in a .  Hor. Eocene 
(C la lb o rn ia n  o r J a c k so n ia n ) ,  
p. 417, P. pe rp lanus ■ C. s p i l lm a n i . Locs. Ala. and H iss .  Hor. 
O ligocene (Not O ligocene, bu t  upper Eocene Cocoa, Pachuta , and 
Shubuta Fm s.).
p. 417, P. pou lson i “ P. £ .  p e rp la n u s? , P. £ .  p ou lson i  and P. £ .
b y ram ensls . Loc. A la . and M iss. Hor. Oligocene (Marianna,
Glendon, and Byraa Fm s.).
HILGARD, E. W., 1860, Report on the  geology and a g r i c u l t u r e  o f the s t a t e  
o f M is s i s s ip p i :  Jackson , M iss . ,  391 p.
p . 140, P. pou lson i ■ P. £ .  by ram en sis . Loc. r a i l r o a d  c u t  w est o f
Brandon, Miss. Hor. V icksburg , bed 4 (Glendon Fm.). 
p. 140, P. po u lso n i « P. £ .  pou lson i and P. £ .  by ram ensls . Loc.
A. P. M i l l e r ' s  f i e l d  and Y o s t 's  L im ekiln , Rankin Co., Miss.
Hor. Vicksburg (Marianna and Glendon Fm s.). 
p. 140, ]?. p ou lson i ■ P. £ .  b y ram en s is . Loc. E as t  o f Brandon, Miss.
Hor. V icksburg, bed 5 (Byram R n .) .  
p. 143, P. p ou lson i ■ P. £ .  p ou lson i and P. £ .  b y ram ensis . Faunal 
l i s t ,  Conrad, 1847. Loc. V icksburg , Miss. Hor. (V ic k sb u rg ia n ) . 
p. 144, P. pou lson i -  P. £ .  by ram en s is . Loc. B row nsv il le ,  Miss.
Hor. Vicksburg (Glendon and Byram Fms. ) .  
p. 145, P. pou lso n i « P. £ .  b y ram en sis . Loc. Sec. 11, T. 4 N.,
R. 2 E . , Rankin C o., M iss. Hor. Vicksburg (Byram Fm.).
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p. 146, P. po u lso n i ■ Not P. pou lson i Morton. Loc. Southern  Ja sp e r  
Co., M iss. Hor. o v e r l a in  by beds w ith  O strea  g lg a n te a . 
p. 146, _P. pou lson i “ P. £ .  by ram ensis . Loc. Wayne C o., Miss. Hor. 
(Byram Fm.) .
p. 147, P. po u lso n i -  P. £ .  pou lson i and P. £ .  by ram ensis . Loc. 
Bucatunna Creek, near  Waynesboro, Miss. Hor. (Marianna Fm. to 
Byram Fm.) .
1867, On the T e r t i a r y  fo rm ations o f M is s i s s ip p i  and Alabama: 
Am. Jo u r .  S c i . ,  s e r .  2, v . 93, p. 29-41.
p. 31, P. pou lson i ” P. £ .  po u lso n i and £ . £ .  byram ensis . Loc. Wayne
C o ., Miss. Hor. Eocene ( re d e f in e d :  Oligocene - Marianna to  Byram 
Fms. ) .
___________  1869, Summary of r e s u l t s  o f a l a t e  g e o lo g ic a l  recon na issance
of L o u is ian a :  Am. Jo u r .  S c i . ,  s e r .  2, v . 98, p. 331-346.
p. 340, P. pou lson i ” P. £ .  byram ensis? Loc. Beds a t  the head o f  
Bear Creek between the Dugdemona and Red R iv e rs ,  La. Hor.
Vicksburg.
_ _ _ _ _ _  1885, Old T e r t i a r y  o f the Southwest: Am. Jo u r .  S c i . ,  s e r .  3,
v .  30, p . 266-269.
p. 269, P. po u lson i -  P. £ .  by ram ensis? Loc. Bayou Funne Louis, La. 
Hor. V icksburg .
HOPKINS, F. V ., 1871, Second annual r e p o r t  o f the G eolog ical Survey of
L ou is iana :  in  La. S ta te  Univ. Annual Rept. fo r  1870, 35 p.
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p. 17, P. pou lson i ” P. £ .  po u lson i and P. £ .  byr*<n*»nsis. (Faunal 
l i s t ,  H i lg a rd ) .  Loc. V icksburg, M iss. Hor. Vicksburg (Mint 
S p ring  to  Byram Fm s.).
HOPKINS, 0 . B .,  1917, Oil and gas p o s s i b i l i t i e s  o f  the  H atche tigbee  
A n t ic l in e ,  Alabama: U. S. Geol. Survey B u ll .  661-H, p. 281-313. 
p i .  27, f i g s .  3 , 3a, P. p ou lson i  » P. £ .  by ram ensis . Loc.
Hatchetigbee Anticline area, Ala. Hor. Vicksburg Group (Glendon 
and Byram Fms.).
p i .  27, f i g s . ,  4 ,  4a , P. pe rp lanus  ■ £ .  s p l l lm a n l . Loc. H a tche tigbee  
A n t ic l in e  a r e a ,  Ala. Hor. Jackson Fm. (Cocoa to  Shubuta Fm s.). 
p. 296, P. pe rp lanus  » C. s p l l lm a n l . Loc. H a tch e tigbee  A n t ic l in e  
a r e a ,  A la. Hor. Zueglodon bed (Pachuta  Fm.). 
p. 299, P. pe rp lanus  * £ .  s p l l lm a n l . Loc. On M il lry  to  CuLlomburg, 
A la . road , near  n o r th  l i n e  o f  s e c .  9, T. 8 N ., R. 3 W. Hor.
Jackson  Fm. (Cocoa and Pachuta Fm s.). 
p. 300, P. pou lson i “ £ .  pe rp lanus and P. £ .  p o u ls o n i . Loc.
Measured s e c t io n  a t  S t .  Stephens B lu f f ,  A la . Hor. Marianna Fm. 
p. 300, £ .  pe rp lanus  “ C. s p l l lm a n l . Loc. same as p rec ed in g .  Hor.
Jackson (Pachuta Fm.) .  
p. 301, P. poulsoni ” P. £ .  perplanus?. P. £ .  poulsoni. and P. £ . 
byramensis. Loc. Hatchetigbee Anticline area, Ala. Hor.
Marianna L s. (Marianna and Glendon Fms. ) .
HOVE, H. V ., 1933, Review o f  T e r t i a r y  s t r a t i g r a p h y  o f  L o u is ia n a :  Am. 
Assoc. Petroleum  G e o lo g is ts  B u l l . ,  v .  17, p . 613-645.
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p. 633, P. p ou lson i “ P. £ .  by ram ensis . Loc. R o se f ie Id ,  l a .  Hor. 
Byram Marl equ iv .
_ _ _ ___ ___  1942, Fauna o f  the  Glendon Formation a t  i t s  type L o c a l i ty :
Jo u r .  P a leo n to logy , v . 16, p. 264-271.
p. 264, P. pou lson i ■ P. £ .  by ram ensis . Loc. Glendon Fm. Type 
l o c a l i t y :  Glendon, A la . ,  a  f la g  s t a t i o n  (form er) on the Southern  
Railway between Jackson  and Walker S p r in g s ,  in  the  so u th e rn  p a r t  
o f  s e c .  31, T. 7 N . , R. 3 E. Hor. Glendon l a . ,  bed 3. 
p. 270, P. c f .  £ .  pou lson i ■ P. j>. p o u ls o n i . Loc. Type s e c t io n  a t  
Glendon, Ala. Hor. Marianna Fm., sample 1. 
p. 270, P. c f .  P. pou lson i ■ P. £ .  p o u lso n i? o r P. £ .  by ram ensis .
Loc. same. Hor. Glendon Fm., sample 3. 
p. 270, P. c f .  £ .  pou lson i  * P. £ . b y ram en sls . Loc. same. Hor.
Glendon Fm., sample 5. 
p. 270, JP.  c f .  P. p ou lson i * _P. £ .  by ram ensis . Loc. same. Hor. 
Glendon Fm., sample 6.
IVEY, J .  B .,  1957, Geology and groundwater in  the  M onroeville  a re a ,  
Alabama: Ala. Geol. Survey B u l l .  66, 109 p . ,  12 p i s .  
p. 8 3 ,  JP.  po u lso n i ■ JP .  £ . p o u ls o n i . Loc. M onroev ille , A la . in  
co rn e r  o f  c i t y  l im i t s  a t  e a s t  end o f  lake in  V anity  F a i r  Park. 
Hor. Marianna Ls. 
p . 86, P. byram ensis ” JP.  £ .  b y ram en s is . Loc. same as p reced in g .
Hor. Glendon, bed 3 o f  s e c t io n ,  
p. 89, P. byram ensis “ P. £ .  by ram ensls . Loc. M onroeville  a r e a ,  
Ala. Hor. Glendon and Byram Fms.
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p. 90, P. byramensis -  P. £ .  by ram ensis . Loc. SW%, SE%, s e c .  4,
T. 6 N ., R. 7 B. Hor. Bucatunna C lay, 
p . 102, p i .  10, f i g .  3, P. pou lson i  ■ P. £ .  p o u ls o n i . Loc. NW%, SW%,
se c .  2 , T. 6 N ., R. 7 E. Hor. Marianna Ls.
p. 104, p i .  11, f i g .  4 ,  P. pou lson i * P. £ .  p o u ls o n i . Loc. SE%, SEi,
se c .  15, T. 6 N., R. 7 E. Hor. Marianna Ls. 
p. 106, p i .  12, f i g s .  1, 3, P. byram ensis ■ P. £ .  by ram ensis . Loc.
SE^, SE%, se c .  14, T. 6 N . , R. 6 E. Hor. Byram Marl, 
p. 107, p i .  12, f i g s .  4 , 6, 13, 14, P. byramensis * P. £ .  byramensis 
and f i g s .  3 , 5 , 10, 11, 12, Anadara m is s i s s ip p ie n s i s  * P. £ .  
byramenBis. Loc. 3 m iles  SW. o f  M onroev ille , A la. Hor. Bucatunna 
C lay.
JOHNSON, L. C .,  1888, The s t r u c tu r e  o f  F lo r id a :  Am. J o u r .  S c i . ,  s e r .  3, 
v .  36, p. 230-236.
_ _ _ _ _ _ _ _  1889, The "Grand Gulf" Formation of the  Gulf S t a t e s :  Am.
J o u r .  S c i . ,  s e r .  3 , v .  38, p. 213-216.
p. 215, JP.  po u lso n i ■ P. £ .  pou lson i and P. £ .  b y ram ensis . Loc. 
Huggins B lu f f ,  Waynesboro, Miss. Hor. Vicksburg (Marianna and 
Glendon Fm s.).
LANGD0N, D. W., 1886, O bserva tions on the  T e r t i a r y  o f M is s i s s ip p i  and 
Alabama, w ith  d e s c r ip t io n s  o f  new s p e c ie s :  Am. Jo u r .  S c i .  s e r .  3, 
v. 31, p . 202-209.
p. 203, 204, IJ. po u lso n i ■ £ .  £ .  p ou lson i and £ .  £ .  byram ensis?
Loc. P ea rl  R iv e r ,  Jackson , Miss. Hor. Beds 1, 2, and 4 .
(Marianna and ?Glendon Fm s.).
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p. 204, P. pou lson i * P. £ .  p ou lson i and P. £ .  by ram ensis . Loc.
P earl  R iver , Jackson , Miss. Hor. S ec tio n  4 , beds 2 and 3 (Mint 
Spring-M arlanna Fm s.). 
p. 204, 205, P. pou lson i ■ P. £ .  byram ensis . Loc. Byram, Miss.
Hor. S ec tio n  5, beds 1 and 2 (Byram Fm.). 
p . 206, P. p o u l s o n i £ .  £ .  pou lson i and P. £ .  byram ensls . Loc.
Miss, and A la . Hor. "White l im estone"  (?Marianna and Glendon 
Fms. ) .
LEA, H. C .,  1848, Catalogue o f T e r t i a r y  T es tacea  o f the  United S t a t e s :  
Acad. H at. S c i .  P h i la d e lp h ia  P ro c . ,  v . 4 ,  p. 103-104. (No Loc. or 
Hor. g iv e n ) .
p . 103, P. e l i x a t u s  “ P. e l i x a t u s ? ; P .  pe rp lanus ■ P. £ .  p e rp la n u s? ;
& P. pou lson i  “ P. £ .  pou lson i and P. £ .  by ram ensis .
LESUEUR, C. A ., 1829, Walnut H i l l s  f o s s i l s .  (unpublished  drawings of 
some f o s s i l s  from the b l u f f s  a t  V icksburg, M is s . ) ,  
p i .  5, f i g s .  3 , 4 ,  Pec ten  sp . ■ P. £ .  p o u lso n i? and p i .  4 ,  f i g .  2,
Pecten sp. " P. £. byramensis? Loc. Walnut Hills, Vicksburg, Miss. 
Hor. (Mint Spring Fm. to Byram Fm.).
LCWE, E. N ., 1919, M is s i s s ip p i ,  i t s  geology, geography, s o i l ,  and 
M ineral Resources: M iss. Geol. Survey B u ll .  14, 346 p. 
p . 89, P. pou lson i ■ P. £ . po u lson i and P. £ .  b y ram ensis ; P.
pe rp lanus -  P. £ . p o u ls o n i . Loc. McRaven, Hinds Co., M iss. Hor. 
Chimney rock  (Marianna and ?Byram Fm s.).
95
MACNEIL, F. S . ,  1944, O ligocene s t r a t i g r a p h y  o f  S o u theas te rn  United 
S t a t e s :  Am. Assoc. Petroleum  G e o lo g is ts  B u l l . ,  v .  28, no. 9 , p. 
1313-1354.
p. 1322, Pecten  sp . -  P. £ .  p e rp la n u s . Locs. S t .  Stephens and L i t t l e  
S tave Creek, Ala. Hor. Red B lu ff  Clay and b a s a l  Mint Spring  Fm. 
p. 1324, P. pou lson i ■ P. h . m a r la n n e n s ls . Loc. 5% m iles  NW. of 
Marianna, F la .  Hor. Marianna L s . ,  bed 5. Hor. Lepidocyc1ina  
f r a g l l i s  zone (Bumpnose Fm.), bed 3. 
p. 1326, £ .  pou lson i ■  P. j j .  p o u ls o n i . Loc. B lu ff  n o r th  of b ridge  
a t  V icksburg , Miss. Hor. Marianna Fm. (Mint Spring  Fm.). 
p . 1328, Pec ten  (w ith  shou ldered  r i b s )  “ P. £ .  by ram ensis . Loc.
same as the p reced in g . Hor. (Glendon L s . ) .  
p. 1335, P. (w ith  shou ldered  r i b s )  =* P. £ .  by ram ensis . Loc.
Woodward's Bridge over Chickasawhay R iver, NW. o f  Waynesboro,
Miss. Hor. (Byrara M arl), 
p . 1337, P. howei * P. h . how ei. Loc. Limestone Church, Wayne Co., 
M iss. Hor. Chickasawhay L s . ,  bed 7. 
p. 1340, P. (w ith  shou ldered  r i b s )  * P. £ .  byr*™»nsis. Loc. N a tu ra l
B ridge , Walton Co., F la .  Hor. Glendon or Byram Fms. ( e q u iv a le n t  
beds of the  Suwannee Fm.). 
p. 1349, C. howei -  P. h .  how ei. Loc. Chickasawhay R iv er ,  200 yards 
sou th  o f  b r id g e ,  w est o f Waynesboro, Miss. Hor. Chickasawhay Fm., 
bed 4 .
p. 1349, £ .  howei ■ £ .  h . how ei. Loc. J u s t  upstream  from the  b r id g e
o f  the  p reced ing  l o c a l i t y .  Hor. Chickasawhay Fm., bed 2.
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p. 1350, C. howei “ P. h .  howei. Loc. L i t t l e  S teve Creek, Ala. 
(downstream from f a u l t ) .  Hor. Chickasawhay Fm.
MANSFIELD, W. C . , 1940, Mollusks o f  the Chickasawhay Marl: Jo u r .  
P a leo n to lo g y , v . 14, no. 3 , p . 172-226.
p. 178, p i .  26, f I g s . 1, 3, 4 ,  C. (P lag ioc ten ium ) howei “ £ .  howei. 
Loc. (Holotype and Para type)  from low est bed a t  b r id g e  over l a y l o r  
M ill Creek, on Highway 45, l£  m ile s  n o r th  o f  Waynesboro, Miss, 
and twenty-two o th e r  l o c a l i t i e s  ex ten d in g  from Waynesboro, Miss, 
to  GaineBtown, A la. Hor. Chickasawhay Fm.
MATSON, G. C .,  and CLAPP, F. G . , 1909, A p re l im in a ry  r e p o r t  on the 
geology o f  F lo r id a :  F la .  Geol. Survey, 2nd Ann. R e p t . ,  p. 25-173. 
p. 52, 53, 54, JP, po u lso n i “ P. h . m a r ia n n e n s is? Loc. F lo r id a .
Hor. Marianna L s . 
p. 52, 54, JP . perp lanus  ” C. s p l l lm a n l . Loc. F la .  Hor. Marianna 
( r e - d e f in e d ,  Ocala G r . ) .  
p. 55, 57, P. po u lso n i " P. h .  m a r ia n n e n s is . Locs. SE. o f Campbell- 
ton and e a s t e r n  edge o f  Marianna, F la .  Hor. Marianna Ls. 
p. 58, P. po u lso n i  •  P. j>. byram ensls and P. h .  m a r ia n n e n s is . Loc. 
N a tu ra l  B ridge , Walton Co., F la .  Hor. Marianna Ls. (Byram Marl 
e q u iv a le n t  o f  the  Suwannee Fm.).
MAURY, C. J . ,  1902, A comparison o f  th e  Oligocene o f  W estern Europe 
and the  so u th e rn  United S t a t e s :  B u l l .  Am. P a leo n to lo g y , v . 3, 
no. 15, 94 p.
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p. 46, P. pou lson i  “ P. h . m ariannensis  and P. £ .  by ram ensls . Loc.
F lo r id a .  Hor. V icksburg (Marianna and Suwannee Fm s.). 
p. 46, ]?. pe rp lanus  -  C. s p l l lm a n l . Loc. F la .  Hor. Vicksburg 
( re d e f in e d  Ja ck so n ian ,  Ocala G r . ) .  
p. 74, P. po u lso n i  “ P. £ .  by ram ensls . Loc. Cemetery Road,
V icksburg, M iss. Hor. Area bed, fauna l  l i s t  (Byram Fm.). 
p. 74, P. pou lson i ** P. £ .  po u lso n i and P. £ .  byr«ww»nsls. Loc. Mint 
Spring  Bayou, V icksburg , M iss. Hor. bed 12 (Mint Spring  Fm. to  
Byram Fm.) .
p. 74, P. poulsoni “ P. £. poulsoni. Loc. same as the preceding 
Hor. Cytherea bed (Mint Spring Fm.). 
p. 77, £ .  poulsoni =* P. £ .  byramensiB? Loc. Bayou Funne Louis 
(Hilgard). Hor. Vicksburg (? Rosefleld Marl beds).
MEYER, OTTO, 1885, The genealogy and age o f  the sp e c ie s  in  the Southern
o l d - T e r t i a r y :  Am. J o u r .  S c i . ,  s e r .  3 , v . 29, P a r t  1, p. 457-468.
p. 467, P. po u lso n i ■ P. £ .  po u lso n i  and P. £ .  byram ensls . Loc.
V icksburg, M iss. Hor. (Mint Spring  to  Byram Fm s.).
_ _ _ _ _ _ _ _  1885, The genealogy and age o f  the  sp e c ie s  in  the  Southern
o ld - T e r t i a r y :  Am. J o u r .  S c i . ,  s e r .  3, v . 30, P a r t  2, p. 6 0 -7 2 .;
P a r t  3 , p. 421-435.
p . 61, 63, 65, P. p o u lso n i  -  P. £ .  p o u ls o n i , P. £ .  b y ram en sis , and 
P. £ .  p e rp la n u s? Locs. V icksburg , M iss . ,  S t .  Stephens B lu f f ,
A la . ,  and Wayne Co., Miss. Hor. (Mint Spring  to  Byram Fm s.). 
p. 68, P. p o u lso n i * P. £ .  p o u ls o n i , P. £ .  by ram ensis , and P. £ .  
p e rp la n u s . Loc. S t .  S tephens B lu f f ,  A la. Hor. ’’White l im e s to n e" -  
Jack so n ian  (V icksburgian-M arianna to  Byram Fm s.).
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p. 72, P. pou lson i •  P. p o u lso n i Morton? Loc. Wood's B lu f f ,  Ala. 
( U e i l p r i n ) . Hor. ( ? ) .
_ _ _ _ _ _ _ _ _  1886, O bserva tions on the  T e r t i a r y  and Grand G ulf o f
M is s i s s ip p i :  Am. J o u r .  S c i . ,  s e r .  3, v .  32, p. 20-23. 
p. 21, £ .  p o u lso n i * P. p o u lso n i and £ .  j>. b y ram en s is . Loc. H e id e l­
b e rg ,  Miss. Hor. b lue  l im estone  (?Marianna and Glendon Fm s.). 
p. 22, r e f .  #1 , P. po u lso n i ■ P. £ .  p o u ls o n i . Loc. Brandon, Miss.
Hor. (b asa l  Mint Spring-M arianna Fm s.).
p. 22, r e f .  #2 , P. p o u lso n i  ■ £ .  £ .  b y ram en s is . Loc. Brandon, Miss.
Hor. (Glendon and Byram Fms. ) .
MISSISSIPPI GEOLOGICAL SOCIETY, 1948, Upper Eocene, Oligocene and Lower 
Miocene o f  c e n t r a l  M is s i s s ip p i :  M iss. Geol. S o c . ,  Guidebook, S ix th  
F ie ld  T r ip ,  74 p.
(S e c t io n )  fo r  Stop 8, P. pe rp lanus  * C. s p i l lm a n i . Loc. Shubuta 
H i l l ,  C larke  C o .,  M iss. Hor. Shubuta Fm.
(S e c t io n )  fo r  Stop 11, £ .  po u lson i “ P. £ .  p o u ls o n i . Loc. H o r to n 's  
M ill Creek, n o r th  o f  Waynesboro, Miss. Hor. Marianna Ls. 
p . 5, P. pe rp lanus  3 £ .  s p i l lm a n i . Loc. Willow Branch, Choctaw C o., 
A la. Hor. Jackson Fm., bed 11 (Pachuta  Fm.).
MONROE, W. H . , 1934, Geology of the  Jackson a r e a ,  M is s i s s ip p i :  U. S.
Geol. Survey B u l l .  986, 133 p.
p. 69, £ .  byram ensis ■ .P. £ . by ram en s ls . Loc. Lime Creek, Jackson ,
Miss. Hor. Byram Fm., bed 11. 
p. 69, P. pou lson i * P. £ .  p o u ls o n i . Loc. same as the  p reced in g .
Hor. Marianna Fm., beds 5 and 6.
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p. 79, 96, P. po u lso n i "  P. £ .  p o u ls o n i . Loc. Jackson , M iss. a re a .
Hor. Mint Spring  Marl, 
p. 83, P . byramensis “ P. £ .  by ram en sis . Loc. Jackson , M iss. Hor. 
Glendon Pm.
P* 84, P- byramensis -  P. £ .  by ram en sis . Loc. Hemphill B lu f f  on
P e a r l  R iver ,  Rankin C o ., M iss. Hor. Glendon Fm. (measured s e c t i o n ) ,  
p. 95, 96, P. byram ensls » P. £ .  by ram ensis . Loc. Jackson , Miss, 
a r e a .  Hor. Byram Fm.
MOORE, E. J . ,  1962, C onrad 's  Cenozoic f o s s i l  m arine m ollusk type
specimens a t^ th e  Academy o f  N a tu ra l  Sc iences o f  P h i la d e lp h ia :  Acad.
Nat. S c i .  P h i la d e lp h ia  P ro c . ,  v . 114, no. 2 , p. 23-120.
p. 58, P. e l i x a t u s  -  P. e l i x a t u s . Syntypes A .N.S.P. c a t .  no. 12576 
( f id e  Tucker-Rowland, 1936) re p o r te d  m iss ing  (no t m iss ing  Nov. 25, 
1965).
MOORE, W. E . ,  1955, Geology o f  Jackson C o ., F lo r id a :  F la .  Geol. Survey 
B u l l . ,  no. 37, 101 p.
p. 35, P. po u lso n i * P. £ .  p e rp la n u s . Loc. SEi se c .  13, T. 6 N . ,
R. 12 W. Hor. Bumpnose Pm. 
p. 48, P. pou lson i -  P. h . m a r ia n n e n s is . Loc, C hipo la  River a t  
Marianna, F la .  Hor. Marianna L s . ,  bed 2. 
p. 48, Pec ten  a f f .  P. p ou lson i  * P. h . m ar ian n e n s is? Loc. same as 
the p rec ed in g .  Hor. Byram L s . ,  bed 3 (Suwannee L s . ,  Glendon Ls. 
e q u iv a l e n t ) .
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MORNHINVEG, A. R . , and GARRETT, J .  B . , 1935, Study o f the Vicksburg 
Group a t  V icksburg, M is s i s s ip p i :  Am. Assoc. Petroleum  G eo log is ts  
B u l l . ,  v .  19, p. 1645-1667.
p. 1657, P. p ou lson i  ■ P. £ .  by ram ensis . Loc. S e c tio n  between 
W a l te r s v i l l e  and the N a tiona l Cemetery, n o r th  of V icksburg, Miss. 
Hor. Byram Fm.
p. 1658, P. p o u lso n i “  P. £ .  poulson i?  Loc. same s b  the p reced in g . 
Hor. ?Mint Spring  Fm.
MORTON, S. G . , 1833, Synopsis o f the  o rgan ic  remains o f  the Ferrug inous 
Sand Formation o f  the  United S t a t e s :  Am. Jo u r .  S c i . ,  s e r .  1, v .  23, 
p. 288-294.
p. 293, p i .  5 , f i g .  5, P. pe rp lanus ( o r ig in a l  d e s c r ip t io n )  " P. £ .  
p e rp la n u s . Loc. no t  g iven . Hor. "Found w ith  the preced ing  
s p e c ie s "  ( i . e .  C. a n a t io e s ) "from the o v e rly in g  lim estone  o f  
C la ib o rn e ,  A la ."  (Red B lu ff  and lower Marianna Fm s.).
1834, Synopsis o f the o rgan ic  remains o f the C retaceous
group o f  the  United S t a te s :  P h i la d e lp h ia ,  88 p . ,  19 p i s .  
p. 59, p i .  19, f i g .  2 , P. p ou lson i “ P. £ . p o u ls o n i . Loc. near 
C la i rb o rn e ,  A la . Hor. newer C retaceous d e p o s i ts  (Marianna Pm., 
in  p a r t )  (Type l o c a l i t y  S t .  S tephens , Ala. f id e  Tucker-Rowland, 
1936).
p. 58, p i .  5 , f i g .  5 , and p i .  15, f i g .  8, P. pe rp lanus “ P. £ ,
p e rp la n u s . Loc. n o t  g iven . Hor. "Occurs w ith  the  preced ing
sp e c ie s  (P. a n a t ip e s )  ob ta in ed  from a mass o f Nummulite l im es to n e , 
from C la i rb o rn e ,  A la ."  (Red B lu ff  Fm. and Marianna Fm., in  p a r t ) .
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______ 1842, D e sc r ip t io n  o f some new sp e c ie s  o f o rg an ic  remains o f
the  C retaceous group o f the  United S ta te s :  Acad. Nat. S c i .  P h i l a d e l ­
ph ia  J o u r . ,  s e r .  1, v. 8, p. 207-227.
p. 218, P. poulsoni * P. £. poulsoni and P. £. byramensis. Loc.
6 m iles  west o f  C la ib o rn e ,  Ala. to  S t .  S tephens , A la . Hor. Upper 
C re taceous (Marianna Pm. to  Byram Pm.), 
p. 218, £ .  p e rp lanus  =* £ . p e rp la n u s . Loc. same as the p reced in g .
Hor. Upper C retaceous (Red B lu ff  Fm. and lower Marianna L s . ) .
MOSSOM, STUART, 1925, A p re l im in a ry  r e p o r t  on the  l im estones  and m arls 
o f  F lo r id a :  F la .  Geol. Survey, 16th Ann. R e p t . ,  p. 27-203, 7 f i g s . ,
52 p i s .
p . 71, P. p o u lso n i  = JP .  fri. m a r ia n n e n s is . Loc. - no t g iven . Hor. 
Marianna Fm.
p. 71, P. pe rp lanus = C. s p i l lm a n i . Loc. - not g iv en . Hor. Marianna 
Fm. ( r e d e f in e d ,  Ocala G r . ) .  
p. 72, £ .  po u lso n i » £ .  h . m a r ia n n e n s is . Loc. M arianna, F la .  Hor. 
Marianna Fm.
p. 76, P. poulsoni = J P .  h. mariannensis or £. £. byramensis. Loc. 
Fla. Hor. Glendon(?).
ORBIGNY, A. D. D*, 1850, Prodrome de p a l£ o n to lo g ie  s t r a t i g r a p h iq u e  
u n i v e r s e l i e  des animaux m ollusques & rayonn£s f a i s a n t  s u i t e  au 
cours  e le m e n ta ire  de p a l io n to lo g ie  e t  de geo lo g ie  s t r a t i g r a p h i q u e s : 
P a r i s ,  v . 2 , 427 p.
p. 393, #1112 P. perplanus » £. £. perplanus? Loc. Claiborne, Ala. 
Hor. 25th Stage - Parisien.
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p. 393, J a n i r a  p o u lso n i d 'O rb igny  -  P. £ .  pou lson i and P. £ .  b y ra ­
mensis . Loc. C la ib o rn e ,  A la . Hor. 25th Stage - P a r i s i e n .
PALMER, K. V. W., and BRANN, D. C . ,  1965, C ata logue o f  the Paleocene 
and Eocene M ollusca of the  so u th e rn  and e a s t e r n  United S t a t e s :  B u l l .  
Am. P a leo n to lo g y , v . 48 , no. 218, 466 p . ,  3 p i s .  
p. 254, Pec ten  e l i x a t u s  Conrad -  P. e l i x a t u s  ( p a r t ) .  Loc. & Hor.
S .C .,  p o s s ib ly  B erkeley  C o., "near  Santee  C anal, in  w h ite  f r i a b l e  
l im estone  (upper Eocene)", 
p . 25, A equipecten pe rp lanus  (Morton) ■ P. £ .  pe rp lanus  ( p a r t ) ,  no t 
p i .  1, f i g s .  8 , 9. 
p . 25, A equipecten p e rp lan us  (Morton) " v a r . "  * P. £ .  p e rp la n u s . Loc. 
Marianna Limestone P roducts  C o ., q u a rry ,  s e c .  23, I .  5 N ., R. 11 
W., Jackson  Co. F lo r id a .  Hor. Bumpnose Ls. (O ligocene).
PXJR1, H. S . ,  and VERNON, R. 0 . ,  1956, A summary o f  the  geology of 
panhandle F lo r id a  and a  guidebook to  the  s u r fa c e  ex p o su res :  F la .
Geol. Survey, Geol. Soc. America F ie ld  T r ip ,  85 p. 
p . 34, P. p o u lso n i  ■ P. h .  m a r ia n n e n s is . Loc. Panhandle F la .  Hor. 
Marianna Fm.
p . 35, JP. p o u lso n i  "  P. h .  m a r ia n n e n s is . Loc. Type l o c a l i t y  of 
Marianna Fm. on the  C hipo la  R iver and road c u t  (U. S. 90) e a s t  o f 
M arianna, F la .  Hor. Marianna Fm., bed 3.
___________  1957, S t r a t ig r a p h y  and zo n a tio n  o f  the  Ocala Group: F la .
Geol. Survey B u l l .  38, 248 p.
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p. 36, Pecten  sp . P. " p e rp la n u s" ■ C. " s p i l lm a n i" ? Loc. C ry s ta l  
R iver Rock Co. q u a rry ,  C i t r u s  Co., F la .  Hor. C ry s ta l  R iver Fm., 
beds 2 and 3.
p. 36, Faunal l i s t ,  H a r r i s ,  1951, P. pe rp lanus Morton, v a r .  -  P. j>. 
p e rp la n u s . Loc. - n o t  g iven  (see  H a r r is ,  1951). Hor. "O cala"- 
m alnly from the C r y s ta l  R iver Fm. (Ocala Gr. Inc lu des  the Bumpnose 
Fm.) .
p. 68, P. po u lso n i “ P. h. m a r ia n n e n s is . Loc. Marianna Type l o c a l i t y
on the w est s id e  of the  C hipo la  R iver about 1 m ile  e a s t  o f Marianna,
F la .  Hor. Marianna L s . ,  bed 3.
________  and VERNON, R. 0 . ,  1959, Summary o f the geology o f F lo r id a
and a guidebook to  the  c l a s s i c  ex posu res :  F la .  Geol. Survey, S p ec ia l
Pub. no. 5, 255 p . ,  11 p i s .
p. 59, £ .  " p e rp la n u s" =* C. " s p i l lm a n i" .  Loc. C ry s ta l  River Rock Co.
q u a rry ,  C i t r u s  C o ., F la .  Hor. C ry s ta l  River Fm., beds 2, 3, and 4. 
p. 75, 85, P. p o u lso n i ” P. h .  m a r ia n n e n s is . Loc. Marianna Fm.
Type l o c a l i t y :  on the w est s id e  o f  the C hipo la  R iver, one mile 
e a s t  o f  Marianna, F la .  Hor. Marianna L s . ,  bed 3. 
p. 88, Pec ten  c f .  P. p o u lso n i  -  P. h . m a r ia n n e n s is? Loc. F lo r id a .
Hor. Byram Fm. (?Glendon and Byram e q u iv a le n t  o f  the Suwannee L s . ) .  
P* 90, Pec ten  sp . c f .  P. pou lson i "  ?P. h . m a r ia n n e n s is . Loc. Road 
c u t  on S ta te  Highway 71, n o r th  o f  Marianna, F l a . ,  NE%, NE%, sec .
34, I .  5 N . , R. 10 W. Hor. Byram Fm. (?Glendon and Byram 
e q u iv a le n t  o f the  Suwannee Fin.).
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p. 94, Faunal l i s t ,  Vernon, 1942, p. 60-66, c f .  P. po u lson i ■ P. 
h. m arlann en sIs? Loc. Panhandle F lo r id a .  Hor. Suwannee Fm.
RAINWATER, E. H . , 1955, Type l o c a l i t i e s  f i e l d  C rip , In  R u s s e l l ,  R. J . ,  
E d i t o r , Guides to s o u th e a s te rn  geology; Geol. Soc. America, p. 
428-459.
p. 457, Measured s e c t io n  a t  L i t t l e  Stave Creek, 4 m iles  n o r th  of 
Jackson , A la. P. po u lso n i ( s . s . )  ■ P. £ .  p e rp la n u s . Hor.
Marianna Ls. P. c f .  p ou lson i " £ . £ .  p e rp la n u s . Hor. (low er) 
Marianna L s . C. pe rp lanus  ■ C. s p l l lm a n l . Hor. "Shubuta H i l l  
Clay" (Shubuta C lay ) .
RICHARDS, H. G ., 1943, A dditions to  the fauna o f the T ren t Marl of 
North C a ro l in a :  Jo u r .  P a leon to logy , v . 17, p. 518-526, p i s .  84-86. 
p. 519, p i .  84, f i g s .  9, 24, Pec ten  e l i x a t u s  Conrad? ” n o t  Pecten  
e l i x a t u s  Conrad. Loc. T ren t R iver ,  6 m iles  below P o l lo c k s v i l l e ,
N. C. Hor. Eocene; South C a ro l in a  (Santee L s . ) ;  Miocene: North 
C a ro l in a  (T re n t? ) .
ROWLAND, H. I . ,  See, Tucker-Rowland, H. I .
RUKAS, J .  M., and GOOCH, D. D . , 1939, Exposures o f Vicksburg Oligocene 
fauna in  w est L o u is ian a :  Am. Assoc. Petro leum  G eo lo g is ts  B u l l . ,  v .
23, p. 246-250.
p. 249, £ .  c f .  P. po u lso n i ( s c u lp tu re  o f  r i b s  as in  the  Mint S p ring , 
MacNeil) “ P. p. pou lson i?  Loc. n ea r  Montrose, L a . ,  NE^, SE%, 
s e c .  5, T. 6N., R. 6 W. Hor. Vicksburg (R o se f le ld  Fm.).
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SHIMER, H. W., and SHROCK, R. R . , 1944, Index f o s s i l s  o f  North America: 
M assachusetts  I n s t .  Technology P re s s ,  837 p.
p. 407, P. (Aequipecten) p e rp lanus  ■ C_. s p i l lm a n i . Loc. Gulf C o as ta l  
p l a in .  Hor. Jackson , Eocene.
SHREVEPORT GEOLOGICAL SOCIETY, 1933, Oligocene and Eocene Jackson
form ations o f  Caldwell and C atahoula  P a r i s h e s ,  L o u is iana :  Shreveport
Geol. Soc. Guidebook, Tenth Ann. F ie ld  T r ip ,  20 p . ,  6 p i s .
p. 4, P. pe rp lanus  ■ C. n u p e ra . Loc. on O uachita  R iver, La. Hor.
Moodys Branch Marl, 
p. 5, P. pe rp lanus ■ C. nupera? Loc. - not g iven . Hor. Jackson ,
p. 5, P. pou lson i * P. £ .  by ram ensis . Loc. R o se f ie ld ,  La. Hor.
(R o se f le ld  Fm., e q u iv a le n t  to  upper Marianna or Glendon Fm s.). 
p i .  2, f i g s .  1 -4 , P. po u lso n i =* P. £ .  by ram en sis . Loc. R o se f ie ld ,
La. Hor. same as the preceding.
SMITH, E. A ., 1881, On the geology o f  F lo r id a :  Am. Jo u r .  S c i . ,  s e r .  3,
v . 121, p. 292-309.
p. 299, P. p ou lson i  “ £ .  h .  m a r ia n n e n s is . Locs. a  few m iles  SE. o f
Campbellton, F l a . ,  and Big Spring  e a s t  o f Marianna, F la .  Hor. 
Vicksburg lim estone  (Marianna and ?Suwannee Fms.).
___________  and JOHNSON, L. C .,  1887, T e r t i a r y  and C retaceous s t r a t a  on
the  T uscaloosa , Tomblgbee, and Alabama R iv e rs :  U. S. Geol. Survey 
B u l l . ,  no. 43, 189 p.
p. 22, P. po u lso n i "  P. pe rp lanus subsp . Loc. B ak er 's  H i l l  s e c t io n ,
If m ile  n o r th  o f  S t .  Stephens B lu f f ,  Ala. Hor. B ak er 's  H i l l  
(Jackson ian  and Lower V ic k sb u rg ia n ) .
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p. 22, £ .  pe rp lanus " C . s p l l lm a n l  o r P. p e rp lanus  subsp . Loc. and 
Hor. same as the  p reced ing , 
p. 23, P. pou lson i ” Not P. p ou lson i Norton. Loc. Choctaw B lu f f ,  
C larke  C o ., A la. Hor. (Chickasawhay Pm. due to  the p resence  of 
A sp erg il lu m , now c a l le d  Kuphus l n c r a s s a t u s . a  guide f o s s i l  o f  t h i s  
f o r m a t io n . ) .
. _ _ _ _ _ _ _ _ _  LANGDON, D. W. JR .,  1894, Report on the
geology of the Coastal Plain of Alabama with contributions to Its 
paleontology by T. H. Aldrich and K. M. Cunningham: Ala. Geol.
Survey, Sp. Kept. no. 6, 704 p . ,  29 p i s .
p. 109, 110, P. p e rp lan us  ■ C. s p l l lm a n l? Loc. Alabama. Hor. "White 
lim eston e"  (Noodys Branch to  ?Glendon L s . ) .  
p. 113, 707, P. pe rp lanus  -  C. s p l l lm a n l? Loc. B ak er 's  H i l l  on the  
Tombigbee R iv e r ,  % m iles  above S t .  Stephens B lu f f ,  A la. Hor. Bed 
2 (Moodys Branch Marl to Marianna L s . ) .  
p . 113, 707, £ .  pou lso n i ■ P. £ .  pe rp lanus  and £ .  £ .  p o u ls o n i . Loc.
and Hor. same as the p reced in g , 
p. 114, P. p ou lson i » Not P. p o u lso n i Marton. Loc. Choctaw B lu ff  
on the Alabama R iver. Hor. (Chickasawhay L s . ) .  
p. 119, P. pe rp lanus  “ P. £ .  byram ensis and P. h . m a r ia n n e n s is . Loc. 
H a r t ' s  Bridge on the  Five Runs Creek Covington C o ., A la. Hor. 
(Byram M arl).
p. 144, P. pe rp lanus  ■ C. d e s h a y e s i l ? o r C. 8 £ l l lB a n i?  Lo',.
Lower S a l t  Works, C larke C o .,  A la. Hor. bed 4 (Moodys Branch 
M arl).
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p. 381, _P. pe rp lanus -  P. h .  m a r ia n n e n s is? Loc. Pea R iver , n o r th ­
w este rn  Geneva Co., A la. Hor. bed 8 <?Marianna Fm.).
SOUTHEASTERN GEOLOGICAL SOCIETY, 1945, Guidebook fo r  3rd F ie ld  T r ip ,  
w es te rn  F lo r id a ,  93 p.
p. 14, P. pou lson i  ” P. h .  m a r ia n n e n s is . Loc. (Marianna type 
l o c a l i t y )  Road c u t  on highway 90 J u s t  w est o f  C hipola  River a t  
M arianna, F la .  Hor. Marianna L s . ,  bed 6. 
p. 19, P. po u lso n i  ■ P. h .  m a r ia n n e n s is? Loc. 2 m ile s  n o r th  o f  
M arianna, F l a . ,  NEfc s e c .  34, T. 5 N ., R. 10 W. Hor. Byram Fm. 
(Suwannee L s. ) .
TOULMIN, L. D .,  1940, The S a l t  Mountain Limestone o f  Alabama: A la.
Geol. Survey B u l l .  46, 126 p.
p . 44, P. pe rp lanus "  C. n u p e ra . Loc. G enera lized  s e c t io n  fo r  
Choctaw C o., A la. Hor. " S c u te l l a  bed11, bed 1 (Moodys Branch 
M arl. )
p. 45, P. pe rp lanus  * C. s p i l lm a n i . Loc. Chattahoochee R iver.
Hor. Ocala Gr.
p. 47, P. poulsoni ” P. £. poulsoni. Loc. St. Stephens Bluff, Ala. 
Hor. Marianna, bed 4 . (Pectens from bed 1 are considered to have 
come from a slump zone.), 
p. 48, £ .  poulsoni - P. £. byramensis? Loc. -  not given. Hor.
Glendon L s . ,  Faunal l i s t ,  
p . 50, P. po u lso n i ■ P ec ten ? sp .  Loc. - n o t  g iven . Hor. C h ickasa­
whay Ls.
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p. 87, P. pe rp lanus * £ .  s p l l lm a n l . Loc. L i t t l e  S tave Creek, 2% 
m ile s  n o r th  of Jackson , Ala. Hor. Jackson  Group, bed 47 (Cocoa 
and Pachuta Fms. ) .  
p. 90, P. pou lson i -  £ .  £ .  p o u ls o n i . Loc. same as the p reced in g .
Hor. Marianna L s . ,  bed 1. 
p .  91, P. p o u lso n i ■ £ .  £ .  p e rp lanus  and P. £ .  p o u ls o n i . Loc. 1% 
m ile s  n o r th  o f Jackson , A la . Hor. Marianna L s . ,  bed 11. 
p . 94, P. pe rp lanus  = £ .  nupera  o r C_. s p i l lm a n i . Loc. Lower S a l t  
Works, sou th  o f Jackson , A la. Hor. Bed 3 (Lower Ja c k so n ia n ) ,  
p . 95, P. pou lson i =* P. £ .  p o u lso n i and P. £ .  byram ensis . Loc. S t .
Stephens B lu f f ,  A la . Hor. Glendon L s . ,  bed 8.
p . 95, P. p ou lson i = £ .  £ .  p o u ls o n i . Loc. same as the  p reced ing .
Hor. Marianna L s . ,  bed 7 (Bed 4 i s  considered  a slump zone), 
p . 96, Pecten  sp . = P. £ .  p e rp la n u s . Loc. same as the  p reced in g .
Hor. Red B lu f f  C lay , bed 2. 
p. 96, ]?. pou lson i ■ P. £ .  po u lso n i  and J?. £ .  by ram ensls . Loc. S a l t
Creek, sou th  of Jackson , Ala. Hor. Glendon L s . ,  bed 3.
p. 100, £ .  po u lson i * £ .  £ ,  po u lso n i  and P. £ .  b y ram en sls . Loc.
Paynes Hammock, A la . Hor. Glendon L s . ,  bed 2.
________  1955, Tertiary formations of west-central Alabama, jLn Russell,
R. J . , Editor, Guides to Southeastern geology: Geol. Soc. America, 
p. 465-475.
p . 470, P. p o u lso n i * J P .  £ .  perp lanus  and P. £ .  p o u ls o n i . Loc. 
w e s te rn  Ala. Hor. Marianna Ls,
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___________ , LA MOREAUX, P. E . ,  & LANPHERE, C. R . , 1951, Geology and
ground-w ater re so u rce s  o f Choctaw County, Alabama; A la . Geol. Survey 
Spec. Rept. 21, 197 p.
p. 123, P. pe rp lanus ■ C. s p l l lm a n l . Loc. Choctaw C o ., Ala. Hor.
Jackson  Gr. (Cocoa and Pachuta Fm s.). 
p. 128, Pecten  sp . a £ .  £ .  p e rp la n u s? Loc. southw est Choctaw Co., 
Ala. Hor. Red B lu ff  C lay, 
p. 131, P̂ . pou lson i * P. £ .  pe rp lanus and P. £ .  p o u lso n i . Loc. -
not g iven . Hor. Marianna Ls.
p . 132, C. howei » ]?, h . howei. Loc. R a ilroad  c u t  1.3 m ile s  n o r th
of M i l l ry ,  Ala. Hor. Chickasawhay L s. 
p . '135, J P .  po u lso n i ■ £ .  £ .  p o u ls o n i . Loc. northw est o f M i l l ry ,
A la . ,  NE^, NE%, se c .  11, T. 8 N ., R. 4 W, Hor. Marianna Ls. 
p. 136, C. howei ■ P. h .  howei. Loc. R a ilroad  c u t  1.3 m ile s  n o r th
of M i l l r y ,  A la. Hor. Chickasawhay L s . ,  bed 5.
TUCKER-RCWLAND, H. I . ,  1936, The A t la n t i c  and Gulf Coast T e r t ia ry  
P e c t in ld a e  of the  United S ta te s :  Am. Midland N a t u r a l i s t ,  v. 17, p. 
476-490 and 985-1017.
p. 476, £ .  p ou lson i =* JP. £ .  po u lson i and P. £ .  byram ensis . Locs.
S t .  S tephens , A la. ( ty p e ) ;  C a rso n 's  Creek, Warren Co. M iss .;  
Shubuta , M iss . ;  nea r  R o se f ie ld ,  L a .;  Mint Spring  Bayou, V icksburg , 
M iss . ;  and Byram, M iss. Hor. Vicksburg O ligocene. 
p i .  1, f i g s .  5 , 6, JP. p o u lso n i * P. £ .  byram ensis . Loc. V icksburg, 
M iss. Hor. V icksburg (Glendon or Byram Fms.) and Loc. Byram, M iss. 
Hor. V icksburg (Byram Fm.).
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p. 475, p i .  4 ,  f i g s .  1, 2 , £ .  e l i x a t u s  m P. e l i x a t u s . Loc. Santee 
C anal, South C a ro l in a  ( ty p e ) .  Hor. Jackson Eocene.
1938, The A t la n t ic  and Gulf Coast T e r t i a r y  P e c tln ld ae  o f  the 
United S t a t e s :  Sec. I l l  Sys tem atic  d e s c r i p t io n s .  Musee ro y a l  
d 'h i s t o r i e  Nat. de Belgique Hem., 2nd s e r . ,  f a s c .  13, 76 p . ,  6 p i s .  
p . 29, p i .  6, f i g .  12, Chlamys (Aequipecten) perp lanus (Morton) *
C. s p i l lm a n i . Hor. (Jackson Eocene).
TUOMEY, MICHAEL, 1850, The geology o f  Alabama: A la . Geol, Survey, 1 s t  
Bienn. R e p t . ,  176 p.
p. 154, P. p o u lso n i  = P. £ .  p o u lso n i and P. £ .  byram ensls . Loc.
Randon' s Creek (?northw est o f  F r isc o  C i ty ,  A la . ) .  Hor. (Marianna 
and Glendon L s . ) .  
p. 155, P. po u lso n i “ £ .  £ .  p ou lson i and P. perp lanus * P. £ .  
p e rp la n u s . Loc. B e t t i s ' s  H i l l  Quarry, S u g g e sW lle ,  A la . Hor.
(Red B lu f f  and Marianna Fms. ) .  
p . 158, P. pou lson i  “ P. pe rp lanus  subsp . Loc. S t .  S tephens , Ala. 
Hor. S o f t  w h ite  lime bed b (Marianna and Glendon Fm s.).
VAN WINKLE, KATHERINE, and HARRIS, G. D ., 1919, New or o therw ise
i n t e r e s t i n g  m olluscan  sp e c ie s  from the  e a s t  c o a s t  o f America: B u ll .  
Am. P a leo n to logy , v . 8 , no. 33, p . 1-32.
p . 15, p i .  2, f i g s .  10, 11, P. e l i x a t u s  Con? ■ no t P. e l i x a t u s . Loc. 
r i g h t  bank o f  T ren t R iv e r ,  s i x  m iles  below P o l lo c k s v i l l e ,  North 
C a ro l in a .  Hor. T ren t Fm., l i g h t ,  marly bed --upper C la ibo rne  or 
Jackson Eocene (Miocene-KeHum, 1926).
I l l
VAUGHAN, T. W., 1895, S t r a t ig r a p h y  of n o r th w es te rn  L o u is ian a :  Am. 
G e o lo g is t ,  v . 15, p . 205-229.
p. 223, P. p ou lson i * £ .  £ .  by ram ensis . Loc. 3 m iles  sou th  of 
R o se f ie ld ,  La. Hor. Vicksburg Stage (R o se f ie ld  Marl Beds), 
p . 223, P. p ou lson i ■ P. j>. po u lso n i  or ]?. £ .  by ram ensis . Loc. from 
the  beds o f Bear Creek lo ca te d  between Dugdemona Bayou and the  Red 
R iv e r ,  7 m iles  w est from L i t t l e  R iver F erry  (H ilg a rd , 1869), and 
Bayou Funne Louis, La. (H ilg a rd ,  1885). Hor. Vicksburg (?R o se f ie ld  
Marl Beds).
_ _ _ _ _ _ _ _ _  1896, Geology and pa leo n to lo gy  o f n o r th w es te rn  L o u is iana :
U. S. Geol. Survey B u l l .  142, 65 p.
p. 23, 24, P. p o u lso n i  * P. £ .  p ou lson i or P. £ .  by ram ensis . Loc.
and Hor. same Vaughan, 1895, p. 223. 
p. 52, P. pou lson i ” P. £ .  by ram ensis . Loc. 3 m iles  so u th  o f  Rose­
f i e l d ,  La. Hor. V icksburg (R o se f ie ld  Marl B eds).
VERNON, R. 0 . ,  1942, Geology o f Holmes and Washington c o u n t ie s ,  F lo r id a :  
F la .  Geol. Survey B u l l .  21, 161 p.
p. 51, P. pou lson i » JP. h . m ariann ensis  and £ .  pe rp lanus ” C.
s p i l lm a n i . Loc. w es te rn  F lo r id a .  Hor. Marianna Ls. ( r e d e f in e d ,  
Marianna Ls. and Ocala G r . ) .  
p. 52, P. po u lson i -  JP. h . m a r ia n n e n s is . Loc. Holmes and Washington 
c o u n t i e s ,  F la .  Hor. Marianna L s . ,  fau n a l  l i s t ,  
p. 66, Pec ten  sp . c f .  P. p o u lso n i « P. £ .  by ram ensls . Loc. H - l l ,  
Holmes C o., F l a . ,  SW, NW, s e c .  15, T. 5 N ., R. 11 W. Hor. Suwannee 
L s .
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p. 131, P. pou lson i -  P. js. by ram ensis? Locs. SE, SE, s e c .  26 T. 7 
N., R. 17 W. end % m ile  sou th  o f  s t a t e  l i n e  on road  from Geneva,
Ala. to  W e s tv i l le ,  F la .  Hor. From c h e r t  b locks c a l l e d  Glendon by 
Cooke.
WAILES, B. L. 1854, Report on the a g r i c u l t u r e  and geology o f  M is s i s s ip p i :  
1 s t  R e p t . ,  Jackson , M iss . ,  371 p.
p. 289, P. e l l x a t u s  ■ no t £ .  e l i x a t u s . Loc. V icksburg , Miss. Hor. 
Faunal l i s t  o f  Eocene bed by T. A. Conrad (V ic k sb u rg ia n ) .
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APPENDICES
APPENDIX A: LITHOLOGIC DESCRIPTIONS
D e t r i t a l  F ac ies
Mosley H i l l  Formation - Type l o c a l i t y :  Mosley H i l l ,  1.7 m iles
n o r th  of W il l ia n a ,  Grant P a r i s h ,  L o u is ia n a .  In L ou is iana  the  e n t i r e  
s e c t io n  between th e  D a n v il le  Landing Beds (upper Eocene) and the 
C atahoula  Sandstone (Miocene) i s  r e f e r r e d  to  the  Mosley H i l l  Formation 
(Murray, 1961, p . 398), which c o n s i s t s  o f  p robab ly  more than 200 f e e t  
o f c h o co la te  brown c la y  w ith  some sand and l o c a l ,  f o s s i l i f e r o u s , 
g l a u c o n i t i c ,  sandy c la y s  (R o se f ie ld  Beds).
F o re s t  H i l l  Sand - Type l o c a l i t y :  near F o re s t  H i l l  School, Hinds
County, M is s i s s ip p i .  I t  i s  a  d e l t a i c  d e p o s i t  c o n s i s t in g  m ainly of sand 
and th in ly  lam inated  sand and c la y  (MacNeil, 1944, p. 1318) which 
reaches  a maximum th ic k n e ss  o f  73 to  100 f e e t  in  c e n t r a l  and w este rn  
M is s i s s ip p i .  L ig n i te  i s  common in  bo th  the  lower and upper beds; and 
o c c a s io n a l ly  in  the  upper bed s , th in  zones c a r ry in g  an abundant but 
d im inu tive  m olluscan  assemblege a re  n o ted .
Red B lu ff  Formation - Type l o c a l i t y :  on Chickasawhay R iv er ,  1.5
m ile s  sou th  of Shubuta in  Wayne County, M is s i s s ip p i .  The Red B lu f f  
Formation 1b , a t  l e a s t  in  p a r t ,  the  e a s t e r n  f i n e r  g ra ined  e q u iv a le n t  o f 
the F o re s t  H i l l  Sand. At i t s  type a re a  o f  e a s t e r n  M is s i s s ip p i ,  i t  i s  a 
green  c la y  marl c o n ta in in g  abundant g la u c o n i te  and marine f o s s i l s  which 
i s  o v e r la in  by carbonaceous c la y  and sand r e f e r r e d  to  the  F o re s t  H i l l
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Sand. Along the s t r i k e  to  the s o u th e a s t ,  the Red B lu ff  becomes more 
c a lc a re o u s  and th in s  from about 25 f e e t  (Wayne County, M is s i s s ip p i )  to  
8 f e e t  (Monroe County, Alabama), and the o v e r ly in g  carbonaceous c la y  
and sand o f the "F o re s t  H i l l "  wedge out j u s t  e a s t  of the Tombigbee 
R iv e r .
Mint Spring Marl - Type l o c a l i t y :  benea th  w a t e r f a l l  on Mint
Spring Bayou, j u s t  below N a tiona l  Cemetery a t  Vicksburg in  Warren 
County, M is s i s s ip p i .  The Mint Spring  Marl d isconform ably  o v e r l i e s  the 
F o re s t  H i l l  Sand and i s  found only  in  M is s i s s ip p i .  I t  is  a  g ra y ish  
g reen , sandy marl c o n ta in in g  g la u c o n i te ,  q u a rtz  sand, and abundant 
marine f o s s i l s .  The form ation  th in s  eastw ard  from i t s  maximum d ev e lop ­
ment o f 25 f e e t  a t  i t s  type a re a  to  2 f e e t  (composite s e c t io n  06, 
Waynesboro, M is s i s s ip p i )  and wedges out com ple te ly  near the M is s i s s ip p i -  
Alabama s t a t e  l i n e .
Glendon Limestone - Type l o c a l i t y :  overgrown q uarry  n o r th  o f the
abandoned Glendon f la g  s t a t i o n  on the  Southern  Railway between Jackson 
and Walker S p rin g s , C larke  County, Alabama. This fo rm ation  which has 
been t rac ed  from w este rn  M is s i s s ip p i  to  panhandle F lo r id a  t r a n s i t i o n ­
a l l y  o v e r l i e s  the Mint Spring  Marl and i t s  e q u iv a le n t ,  the Marianna 
Limestone. The Glendon i s  composed o f in te rb ed d ed  g ra y ish  g reen  to  
b u f f  s k e l e t a l  l im estone  ledges and m arls and c o n ta in s  g la u c o n i te ,  
q u a r tz  sand, marine f o s s i l s ,  and in  p la c e s ,  b e n to n i t e .  From i t s  maximum 
th ic k n ess  o f  35 f e e t  a t  V icksburg, M is s i s s ip p i ,  the Glendon th in s  and 
e x h ib i t s  a d ec rease  in  d e t r i t a l  c o n s t i t u e n t s  eas tw ard . The Glendon o f  
w este rn  M is s is s ip p i  i s  he re  r e f e r r e d  to the  d e t r i t a l  f a c i e s .
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Byram Marl - Type l o c a l i t y :  on r i g h t  bank o f P e a r l  R iver beneath
su spens ion  b r idg e  a t  o ld  Byram, Hinds County, M is s i s s ip p i .  The Byram 
Marl o v e r l i e s  the Glendon Limestone ( in  p la c e s  d isconform ably) and 
ex tends from w este rn  M is s is s ip p i  to  panhandle F lo r id a  and Inc lud es  
g re e n ish  g ray  to  b u f f  m arls  and m ar ls to n es  c o n ta in in g  g la u c o n i te ,  
qu a r tz  sand, and marine f o s s i l s .  The Byram Marl ranges in  th ic k n e ss  
from a maximum of 25 f e e t  in  the V icksburg, M is s i s s ip p i  a re a  to  as 
l i t t l e  as 1.1 f e e t  a t  S t .  S tephens , Alabama; and l ik e  the  Glendon Lime­
s to n e ,  i t  becomes le s s  d e t r i t a l  e as tw ard . The Byram Marl o f  w es te rn  
M is s i s s ip p i  i s  r e f e r r e d  to  the d e t r i t a l  f a c i e s .
Bucatunna Clay - Type l o c a l i t y :  a long  Buckatunna Creek in  the
v i c i n i t y  o f  Dyess Bridge in  Wayne County, M is s i s s ip p i  ( s p e l l i n g  and 
lo c a t io n  of Buckatunna Creek shown on topographic  s h e e t  HH 16-1 , s c a le  
1:250,000 s e r i e s  V 501, e d i t i o n  1 - Army Map S e rv ic e ) .  This fo rm ation  
t r a n s i t i o n a l l y  o v e r l i e s  the  Byram Marl and c o n s i s t s  o f carbonaceous 
c la y  w ith  some th in  sand and c la y  marl beds some o f  which in  e a s t e r n  
M is s is s ip p i  and Alabama c o n ta in  abundant marine f o s s i l s .  Throughout 
most of M is s i s s ip p i  and Alabama, the  Bucatunna Clay i s  20 to  30 f e e t  
th ic k  (T o n ti ,  1955, composite s e c t i o n s ) .
Chickasawhay Limestone - Type l o c a l i t y :  a long  Chickasawhay River
a t  U. S. highway 84 b r id g e  west o f  Waynesboro in  Wayne County, M iss i-  
s l p p i .  This fo rm ation  i s  known from Wayne County, M is s i s s ip p i  to  
Monroe County, Alabama where i t  c o n s i s t s  o f  sandy l im es to n e , sandy 
m ar ls ,  and c la y  marl and c o n ta in s  g la u c o n i te  and abundant marine 
f o s s i l s .  Msximum th ic k n e s s  o f  the fo rm ation  i s  35 f e e t  (M is s is s ip p i  
G eolog ical S o c ie ty ,  1948, p .  30).
122
N o n d e tr l ta l  Fac ies
Bumpnose Limestone - Type l o c a l i t y :  Sam S m ith 's  q u a r r i e s , 5 .5
m ile s  northw est o f  Marianna in  Jackson  County, F lo r id a .  In  panhandle 
F lo r id a  and e a s t e r n  Alabama, the  Oligocene e q u iv a le n t  o f  the  Red B lu ff  
Clay i s  c a l le d  the  Bumpnose Limestone (Cheetham, 1963, p. 7 . ) .  I t  i s  
a s l i g h t l y  g l a u c o n i t i c ,  w hite  lim estone  of about 10 to  15 f e e t  in  
th ic k n e s s  which d isconform ably  o v e r l i e s  the C ry s ta l  R iver Limestone 
(Upper E ocene).
Marianna Limestone - Type l o c a l i t y :  on r i g h t  bank of C hipo la
River a t  U. S. highway 90 b r id g e ,  Marianna, Jackson  County, F lo r id a .  
This fo rm ation , which has a d isc o n fo rm ity  a t  i t s  b a se , ex tends from 
c e n t r a l  M is s i s s ip p i  to  panhandle F lo r id a  as a f a i r l y  homogeneous u n i t .  
I t  i s  t y p i c a l l y  cream c o lo re d ,  s l i g h t l y  g l a u c o n i t i c ,  f o s s i l l f e r o u s , 
and so s o f t  t h a t  i t  i s  e a s i l y  sawed in to  chimney b lo c k s ,  thereby  
r e c e iv in g  the  lo c a l  name o f  "chimney ro c k ."  In  Alabama, f r e q u e n t ly  
the upper p o r t io n  of the Marianna Limestone as w e ll  as the  Glendon 
Limestone a re  w eathered to  a rock  w ith  tu b u la r  c a v i t i e s  r e f e r r e d  to  
l o c a l l y  as "h o rse b o n e ." A maximum th ic k n e ss  fo r  the fo rm ation  o f 80 
f e e t  i s  re p o r te d  by Ivey  (1957) from the  M onroev ille ,  Alabama a re a .
Glendon Limestone and Byram Marl - The n o n d e t r l t a l  p o r t io n s  of 
these  u n i t s  a re  t r a c e a b le  eastw ard  from c e n t r a l  M is s i s s ip p i  where they  
a re  m ainly composed of s k e l e t a l  l im estone  and s k e l e t a l  m arls to  near 
the A labam a-Florida s t a t e  l in e  where they  c o n ta in  l a r g e r  amounts of 
c a l c i t e  p a s te .  The th ic k n ess  o f  the  n o n d e t r l t a l  p o r t io n  o f the  Glendon 
and Byram Formations v a r i e s  from 15 to  25 f e e t .
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Suwannee Limestone - Type l o c a l i t y :  a long  Suwannee River from
E l l a v i l l e  n e a r ly  to  White Springs in  Hamilton and Columbia C o un ties , 
F lo r id a .  Following the  usuage o f Vernon (1942, p . 59 ), the  Suwannee 
Limestone in c lu d es  a l l  l im estone  beds below d e f i n i t e  Tampa Formation 
and above d e f i n i t e  Marianna Lim estone. I t  i s  a  l i g h t  g ray  to  b u f f ,  
porous lim estone  g e n e ra l ly  c o n ta in in g  lo c a l  c o n c e n tra t io n s  o f e i t h e r  
fo ra m in ife r s  o r m o llu sks . At F a l l in g  Water S ink  near  C h lp ley , F lo r id a ,  
the  Suwannee Limestone i s  a t  l e a s t  73 f e e t  th ic k  (Vernon, 1942, p. 59).
APPENDIX B: REGISTER OF LOCALITIES
L oca tion  o f  s e c t io n s  ( s in g le  o r com posite) a re  shown In  f ig u re s  2 and
3. L oca tion  o f  samples numbered 00, 0 1 ..........................11 from bottom  to
top  fo r  each  s e c t io n  a re  shown In  f ig u r e  3 by la rg e  d o t s .
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APPENDIX B: REGISTER OF LOCALITIES
L ouis iana
S e c t io n  00, R o se f ie ld  cem etery : 0 .1  m ile  e a s t  o f  R o se f ie ld  cem etery in
c u t  o f  abandoned r a i l r o a d .  NE s e c .  31, T. 11 N ., R. 5 E . ,  C atahoula  
P a r i s h .  Sample 00 - bed 15 and sample 01 - bed 17 from R o se f ie ld  Marl
beds o f  measured s e c t io n  in  Chawner, 1936, p. 100.
M is s i s s ip p i
Composite s e c t io n  01, Mint Spring  type l o c a l i t y :  a long Mint Spring
Bayou near  n o r th  ga te  o f  N a tiona l  M i l i t a r y  Cemetery, V icksburg. Sec. 
12, T. 16 N ., R. 3 E . ,  Warren County. Sample 02 - Mint Spring Marl,
7 to  9 f e e t  from b ase . S e c t io n  d e sc r ib e d  in  Miss. Geol. S o c .,
1948, p. 22.
Composite s e c t io n  01, M is s i s s ip p i  R iver l o c a l i t y :  l e f t  bank of
M is s is s ip p i  R iver d i r e c t l y  ben ea th  power l i n e s ,  about 300 yards n o r th  
o f  b r id g e ,  Vicksburg. C en ter s e c .  32, T. 16 N ., R. 3 E . ,  Warren 
County. Sample 00 - Mint Spring  Marl, bed 3; sample 01 - Mint 
Spring  Marl, base o f  bed 5; sample 03 - Glendon L s . ,  i n t e r v a l  2 to  3 
f e e t  above b ase ;  sample 04 - Glendon L s . ,  i n t e r v a l  11 to  13 f e e t  
above b a se .  S ec tio n  d e sc r ib e d  in  Cheetham and Glawe, 1964, p. 3.
Composite s e c t io n  01, M is s i s s ip p i  V a lley  P o rtlan d  Cement q u a rry :  n o r th
of Vicksburg on S ta te  Kwy. 3 , 3 m iles  n o r th  o f  ju n c t io n  w ith  U. S.
Hwy. 61. Probably s e c .  23, T. 18 N ., R. 4 .  E. Warren County. Sample
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05 - Glendon L s . ,  I n t e r v a l  2 to  6 f e e t  below top; sample 06 - Byram
Marl, I n t e r v a l  13 to  15 f e e t  above b ase . S e c tio n  d e sc r ib e d  In
Cheetham and Glawe, 1964, p . 5.
Composite s e c t io n  02, F o re s t  H i l l  type l o c a l i t y :  S ta te  Hwy. 18 road c u t
a t  F o re s t  H i l l .  NE s e c .  22, T. 5 N ., R. 1 W., Hinds County. Sample
00 - Mint Spring  M arl, lower 5 f e e t .  Measured s e c t io n  in  Monroe,
1954, p. 64.
Composite s e c t io n  02, Byram type l o c a l i t y :  0 .3  m ile  e a s t  o f "o ld "
Byram on r i g h t  bank o f  P e a r l  R iver a t  suspens ion  b r id g e .  West o f
c e n te r ,  s e c .  19, T. 4 N . , R. 1 E . ,  Hinds County. Sample 01 - Byram
Marl, bed 7 o f  s e c t i o n  in  Monroe, 1954, p. 87.
S e c t io n  03, M arquette Cement Co. q u a rry :  about 2 m iles  SW of Brandon.
NW se c .  17, T. 5 N ., R. 3 E . ,  Rankin County. Sample 00 - Mint S p ring , 
I n t e r v a l  2 to  4 f e e t  above b a se ;  sample 01 - Mint Spring  Marl,
i n t e r v a l  7 to  9 f e e t  above b ase ;  sample 02 - Glendon L s . ,  i n t e r v a l
1 to  3 f e e t  above b ase ;  sample 03 - Glendon L s . ,  i n t e r v a l  13 to  15 
f e e t  above b ase ;  sample 04 - Glendon L s . ,  I n t e r v a l  17 to 18 f e e t  
above b ase ;  sample 05 - Byram Marl, i n t e r v a l  10 to  15 f e e t  above 
b a se .  Measured s e c t io n  in  M iss. Geol. S o c . ,  1960, p . 12.
Composite s e c t io n  04, Leaf R iver:  S ta te  Hwy. 18 road c u t  on l e f t  bank
o f  Leaf R iver ,  6 m ile s  e a s t  o f  R a le ig h .  Sec. 13, T. 2 N ., R. 8 E . ,  
Smith County. Sample 01 - Marianna L s . ,  bed 1; sample 02 -
Marianna L s . ,  bed 2; sample 03 - Glendon L s . ,  bed 4 . For lo c a t io n
o f  sam ples, see measured s e c t io n  in  appendix C.
Composite s e c t i o n  04, Smith County Lime q u a rry :  imm ediately e a s t  of
T a l la h a la  Creek on S ta te  Hwy. 18, 2 m ile s  e a s t  o f  S y lva ren a .
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Probably s e c .  22, T. 2 N . , R. 9 E . ,  Smith County. Sample 00 - Mint 
Spring  Marl, bed 2; sample 04 - Glendon L s . ,  upper marl bed o f  bed 
4; sample 05 - Byram Marl, bed 5. For lo c a t io n  of sam ples, see 
measured s e c t io n  in  appendix C.
S e c t io n  05, 1 .4  m ile s  SE o f  H eide lb erg :  road c u t  on County Hwy. 528,
0 .4  m ile  NW o f  ju n c t io n  w ith  U. S. Hwy. 11. NW se c .  2 , T. 10 N . , R.
10 E . ,  J a s p e r  County. Sample 00 - Marianna L s . ,  lower 4 f e e t  o f  bed 
1; sample 01 - Marianna L s . ,  upper 3 f e e t  o f  bed 3; sample 02 - 
Glendon L s . ,  m arl u n i t  o f  bed 4 . For lo c a t io n  of sam ples, see 
measured s e c t io n  in  appendix C.
Composite s e c t io n  06, S ta te  P r iso n  q u a rry :  on Limestone Creek about 200
to  300 y ards  above con fluence  w ith  Chickasawhay R iv e r ,  3 m ile s  
n o r th  o f  Waynesboro. SW s e c .  25, T. 9 N . , R. 7 W., Wayne County. 
Sample 03 - Marianna L s . ,  upper 3 .5  f e e t ;  sample 04 - Glendon L s . ,
4 to  7 f e e t  above base  in  in d u ra te d  m ar l ;  sample 05 - Byram Marl, 
lower 4 f e e t .  S e c t io n  d e sc r ib e d  in  Miss. G eol. S o c . ,  1948, p . 34 
and 65 (only  7 f e e t  o f  the  Byram Marl a re  he re  a ss ig n ed  to  the 
Glendon L s. ) .
Composite s e c t io n  06, Road c u t  0 .5  m ile  e a s t  o f Buckatunna Creek on 
Waynesboro to  S i l a s  ro ad .  P robably  s e c .  19, T. 9 N . , R. 5 W., Wayne 
County. Sample 00 - Mint Spring  Marl, bed 2; sample 01 - Marianna 
L s . ,  lower 7 f e e t  of bed 3; sample 02 - Marianna L s . ,  i n t e r v a l  15 to  
20 f e e t  from the  base o f  bed 3. For lo c a t i o n  o f  sam ples, see 
measured s e c t io n  in  appendix C.
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Alabam a
Composite s e c t io n  07, W h i t s e t t ' s  q u a r r i e s :  on h i l l s i d e  3 m ile s  SW o f
Cullomburg, a c c e s s ib le  by w alk ing  0 .75  m ile  west on o ld  C.C.C. road 
lo c a te d  2 .7  m ile s  sou th  o f  Cullomburg on S ta te  Hwy. 17. Sec. 7,
T. 8 N ., R. 3 W., W ashington County. Sample 01 - Marianna L s . ,  55 to
59 f e e t  below Glendon L s . ;  sample 02 - Marianna L s . ,  I n t e r v a l  31 to
33 f e e t  below Glendon Ls. ,  sample 03 - Marianna L s . ,  I n t e r v a l  15 to
17 f e e t  below Glendon L s . Measured s e c t io n  in  Cooke, 1926, p. 284.
Composite s e c t i o n  07, Road c u t  3 .2  m ile s  NW o f  M il l ry .  Probably  se c .
12, T. 8 N ., R. 3 W., W ashington County. Sample 04 - Marianna L s . ,  
bed 1; sample 06 - Byram Marl, l im estone  s t r i n g e r  n ear  base  o f  bed
A
3; sample 07 - Byram M arl, upper 2 f e e t  o f  bed 3. For lo c a t io n  of 
sam ples, see  measured s e c t io n  in  appendix C.
Composite s e c t io n  07, Road c u t  3 .9  m ile s  NW o f  M il lry .  P robably  NW 
s e c .  12, T. 8 N . , R. 4 W., Washington County. Sample 05 - Glendon 
Ls.
Composite s e c t i o n  07, Ulcanush Creek: road  c u t  on S t a te  Hwy. 69, 3 .3
m ile s  n o r th  o f S ta te  Hwy. 12 ju n c t io n  in  C o f f e e v i l l e .  NW s e c .  33,
T. 10 N ., R. 1 W., C larke  County. Sample 00 - Red B lu f f  Fm., bed 
115 o f  highway p r o f i l e  in  Toulmin and Newton, 1963.
S e c t io n  08, S t .  S tephens q u a rry :  Lone S ta r  Cement Company q ua rry
lo c a te d  a t  S t .  Stephens B lu f f  (now q u a r r ie d )  on the  Tomblgbee R iv e r ,  
2 .2  m ile s  NE of the  p re s e n t  town o f  S t .  S tephens . Sec. 13, T. 7 N ., 
R. 1 W., Washington County. North q u a rry :  sample 00 - Red B lu f f
Fm., m iddle 5 f e e t  o f  bed 3; sample 01 - Red B lu ff  Fm., upper 3 f e e t
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o f bed 3; sample 02 - Marianne L s . ,  lower 5 f e e t  o f  bed 5; sample 
03 - Marianna L s . ,  I n t e r v a l  16 to  18 f e e t  above base ; sample 04 - 
Marianna L s . ,  i n t e r v a l  35 to  40 f e e t  above base; sample 05 - Marianna 
L s . ,  i n t e r v a l  3 to  5 f e e t  from top ; sample 06 - Marianna L s . ,  upper 
3 f e e t ;  sample 07 - Glendon L s . ,  marl zone 3 to  5 f e e t  above base; 
sample 08 - Glendon L s . ,  marl zone 2 to  4 f e e t  below top; sample 09 - 
Byram M arl, bed 7; sample 10 - Chickasawhay L s . ,  lower 12.5 f e e t ;  
sample 11 - Chickasawhay L s . ,  upper 6 .4  f e e t  o f  bed 8. For lo c a t io n  
o f  sam ples, see  measured s e c t io n  in  appendix C.
S e c t io n  09, L i t t l e  Stave Creek: 3 m iles  n o r th  of Jackson , 1 m ile  west
o f  U. S. Hwy. 43. S ec tio n s  29 and 30, T. 7 N ., R. 2 £ . ,  C larke  
County. Sample 00 - Marianna L s . ,  lower 1 .5  f e e t ;  sample 01 - 
Marianna L s . ,  i n t e r v a l  1 to  6 f e e t  above b a se ;  sample 02 - Marianna 
L s . ,  i n t e r v a l  25 to  30 f e e t  above b ase ;  sample 03 - Marianna l a . ,  
upper 5 f e e t  o f  the  exposure in  the c re e k .  Measured s e c t io n  in  
R u s s e l l ,  1955 p. 457-8.
S e c t io n  10, Road c u ts  1 .5  to  2 .5  m iles  sou th  o f  S u g g e s v i l le .  SW sec .
17, T. 7 N ., R. 4 £ . ,  C larke  County. Sample 00 - Red B lu ff  Fm., 
bed 1; sample 01 - Marianna L s . ,  lower 2 f e e t  o f  bed 2; sample 02 - 
Marianna L s . ,  i n t e r v a l  10 to  12 f e e t  above base o f  bed 2; sample 03 -
Marianna l a . ,  i n t e r v a l  14 to  17 f e e t  above base o f  bed 2; sample 04 -
Marianna L s . ,  i n t e r v a l  22 to  26 f e e t  above base o f  bed 2; sample 05 -
Marianna L s . ,  i n t e r v a l  18 to  20 f e e t  below top o f  bed 4 ; sample 06 -
Marianna L s . ,  upper 2 f e e t  o f  bed 4 .  For lo c a t io n  o f  sam ples, see 
measured s e c t io n  in  appendix C.
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Composite s e c t io n  11* Road c u t  3 .5  m ile s  NW of F r isc o  C i ty :  County
road 23 inm ed ia te ly  sou th  of Randons Creek. SE se c .  15t T. 6 N .,
R. 6 E . ,  Monroe County. Sample 00 - Marianna L s. ,  bed 1; sample 01 - 
Glendon L s . ,  bed 4; sample 02 - Glendon L s . ,  bed 5. For lo c a t io n  of 
sam ples, see measured s e c t io n  in  appendix C.
Composite s e c t io n  11, 1 .6  m iles  SW of Ferdue H i l l :  in  road c u t  and
banks o f  Thompson's M ill Creek. SW s e c .  7, T. 6 N . , R. 6 E . ,  Monroe 
County. 20 f e e t  o f  Red B luff-M arianna exposed, no P e c te n . Measured 
s e c t io n  in  Cooke, 1926, p . 282.
Composite s e c t io n  11, S e c tio n  in  sm all s tream  about 3 m iles  SW o f  
M onroev ille . SW, NW, SW, se c .  4 , T. 6 N ., R. 7 E . , Monroe County. 
Sample 03 - Bucatunna C lay , f o s s i l i f e r o u s  sand, 12 f e e t  above the 
b a se .  Measured s e c t io n  in  Ivey , 1957, f i g .  32, p . 87, bed 4 .
Composite s e c t io n  12, 0 .5  m ile  e a s t  o f  C a s t le b e r ry :  in  road c u t  e a s t
o f Mirder Creek on County Hwy. 6 . NE s e c .  24, T. 4 N.» R. 10 E . ,  
Conecuh County. Sample 03 - Byram*Bucatunna, i n t e r v a l  4 to  7 f e e t  
above b a se ;  sample 04 - Byram-Bucatunna, i n t e r v a l  10 to  11 f e e t  above 
b ase ;  sample 05 - Byram-Bucatunna, i n t e r v a l  21 to  24 f e e t  above base ; 
sample 06 - Byram-Bucatunna, i n t e r v a l  30 to  32 f e e t  above b ase . For 
l o c a t io n  o f sam ples, see measured s e c t io n  in  appendix C.
Composite s e c t io n  12, Conecuh Lime Company quarry :  3 a i r l i n e  m iles  NE
of C a s t le b e r r y .  Sec. 6 ,  T. 4 N ., R. 11 E . ,  Conecuh County. Sample
00 - Marianna L s . ,  upper 5 f e e t ;  sample 01 - Glendon L s . ,  m arl u n i t  
4 to  10 f e e t  above base o f  bed 2; sample 02 - Glendon L s . ,  m arl u n i t
1 to  2 f e e t  below top o f  bed 2. For lo c a t io n  o f  sam ples, see 
measured s e c t io n  in  appendix C.
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S e c tio n  13, Beneath McGowln (McGowan) Bridge and 200 ya rd s  n o r th  on 
r i g h t  bank o f  Conecuh R iver .  Sec. 6, T. 2 N . , R. 13 £ . ,  Escambia 
County. Sample 00 - Glendon L s . ,  abou t 10 f e e t  below upper c o n ta c t ;  
sample 01 - Byram Marl, bed 2; sample 02 - Byram Marl, bed 3 . For 
lo c a t io n  o f  sam ples, see measured s e c t io n  in  appendix C.
S e c t io n  14, H arts  B ridge: r i g h t  bank o f  Five Runs Creek. Sec. 26, T.
2 N ., R. 15 E . ,  Covington County. Sample 00 - Byram Marl, lower 2 
f e e t  o f bed 2; sample 01 - Byram Marl, m iddle 2 f e e t  o f  bed 2; sample 
02 - Byram Marl, upper 2 f e e t  o f  bed 2; sample 03 - Bucatunna C lay , 
lower 5 f e e t  o f  bed 5 . Measured s e c t io n  in  Cooke, 1926, p. 293.
Composite s e c t io n  15, M il le r  Lime Company qu a rry :  7 m iles  NE o f  F lo r a la .
Probably  se c .  22, T. I N . ,  R. 18 E. ,  Covington C o u n ty . '  Lower 
Marianna exposed, no P e c te n .
F lo r id a
Composite s e c t io n  15, N a tu ra l  B ridge: 8 a i r l i n e  m iles  ESE o f  F lo r a la ,
Alabama. SE se c .  26, T. 6 N ., R. 20 W., Walton County. Sample 00 -
Suwannee L s . ,  upper 5 f e e t  o f  bed 1. For lo c a t io n  o f  sample, see
measured s e c t io n  in  appendix C.
S e c t io n  16, Limestone s in k  10 m ile s  n o r th  o f  Ponce de Leon. NW, SE
s e c .  3 , T. 5 N . , R. 17 W., Holmes County. Sample 00 - from l im e­
s tone  b o u ld e rs ,  p robably  Suwannee L s . ,  bed 3 o f  measured s e c t io n  
H-10, in  Vernon, 1942, p . 54.
S e c tio n  17, Duncan Church: sm all abandoned q u a rry  300 yards NE of
Piney Grove Church (Duncan Church). SW, NE, SE se c .  36, T. 4 N., R.
14 W., Washington County. Suwannee L s . ,  type l o c a l i t y  o f  Chlamys
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d u n c a n e n s is . no Pec t e n . Measured s e c t i o n  in  S o u th e as te rn  Geol. S o c . ,  
3rd F ie ld  T r ip ,  1945, p . 23.
S e c t io n  18, Sam S m ith 's  q u a r r i e s :  a ccess  road 5 .5  m ile s  NW o f  Marianna
on S t a te  Hwy. 73. C en ter o f  s e c .  23, T. 5 N . , R. 11 W., Jackson 
County. Sample 00 - Bumpnose Ls. (Lepidocyc1in a  c h a p e r i  ( f r a g i l l s )  
zone), upper 5 .5  f e e t ;  sample 01 - Marianna L s . ,  I n t e r v a l  8 to  13 
f e e t  above b a se ;  sample 02 - Marianna L s . ,  i n t e r v a l  22 to  27 f e e t  
above b ase ;  sample 03 - Suwannee L s .? ,  i n t e r v a l  42 to  46 f e e t  above 
base  o f  Marianna Ls. Measured s e c t io n  in  P u r i  and Vernon, 1959, 





I .  Smith County Lime qua rry  (com posite s e c t io n  0 4 ):  Inm ed la te ly
e a s t  o f  T a l la h a la  Creek on S ta te  Hwy. 18, 2 m ile s  e a s t  of 
S y lva ren a , M is s i s s ip p i .
Bucatunna Clay
6. C lay , g ray , t h in ly  bedded, w eathers  b locky 4 .0 '+
Byram Marl
5. Marl, sandy, g la u c o n i t i c ,  Pec ten  perp lanus
byr aniens I s  6 .0 '
Glendon Limestone
4. In te rbedded  lim estone  ledges  and sandy m arl ,  b u f f ,
g l a u c o n i t i c ,  f o s s i l i f e r o u s  13.0*
Marianna Limestone
3. S i l t y  c la y  w i th  s e v e ra l  0 . 5 f l im estone  led g e s ,  
g ra y is h  g reen , c a lc a re o u s ,  g l a u c o n i t i c ;  w ith  
o r b i t o i d s ,  Pec ten  p e rp lanus  p ou lson i 20.0*
Mint Spring  Marl
2. Sand, f i n e ,  b u f f ,  g l a u c o n i t i c ;  w ith  C ass id u lu s
g o u ld i i  and Pecten  p e rp lan us  po u lson i 6 .0 '
1. Limestone le d g e ,  g ray ,  f o s s i l i f e r o u s  1 .0 '
I I .  Leaf River (com posite s e c t i o n  0 4 ):  S ta te  Hwy. 18 road c u t  on
l e f t  bank o f  Leaf R iv e r ,  6 m iles  e a s t  o f R a le ig h ,  M is s i s s ip p i .  
C i t r o n e l l e  Formation
11. Sand and c la y ,  red  1 0 .0 '+
10. S i l t ,  sandy, reworked b e n to n i te  and lim estone
n o d r le s  1 .5 '
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I I I .
Glendon Limestone
9. B en ton ite
8. Send end c ie y ,  c e lc e re o u s ,  f o s s i l i f e r o u s
7. Limestone led g e ,  t e n ,  ebundent o r b i to id s
6. Merl, sendy, w eethers brown, burrowed, ebundent 
g le u c o n i te  and f o s s i l s
5. Limestone led g e , ten
4. Marl, s i l t y ,  te n ;  w ith  Pec ten  perp lanus  pou lson i
3. Limestone led g e , ten  
Marianna Limestone
2. L im estone, s o f t ,  te n ;  ebundent Pecten  perp lanus 
pou lson i
1. Lim estone, v e ry  s o f t ,  g re y is h  brown; ebundent 
o r b i to id s  and Pec ten  perp lanus pou lson i
1 .4  m iles  SE of H e id e lb e rg , M is s is s ip p i  ( s e c t io n  05): 
on County Hwy. 528, 0 .4  m ile  NW o f  ju n c t io n  w ith  U. S. 
Glendon Limestone - in  road cu t
4 . In terbedded  lim estone  ledges and sendy m erl,  
b u f f ,  g l a u c o n i t i c ,  s k e l e t a l ;  w ith  o r b i to i d s ,  
Chlamys d u n c e n e n s is , end Pec ten  perp lanus 
po u lso n i
Marianne Limestone - in  p a s tu re  to  northw est
3. Lim estone, s o f t ,  cream c o lo re d ;  w ith  Pec ten  
perp lanus  p o u ls o n i ; lower 7* covered
2 . Limestone led g e ,  cream c o lo re d ;  w ith  o r b i to id s  
and Pec ten  perp lanus  p ou lson i
0.5'
2 . 0 '
1 . 2 '
1 . 6 '
0 . 6 ’
2 . 8 *
0 . 8 '
5 .0 '
4.0* 
road cu t  
Hwy. 11.
5 .5 '
1 0 .5 '
1 . 0 '
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1. Limestone, s o f t ,  cream c o lo re d ;  w ith  o r b i to id s ,
Spoadylus s p . , and Pec ten  perplanus p o u lso n i ;
upper 6 ' covered 10.0*
IV. Road c u t  0 .5  m ile  e a s t  o f  Buckatunna Creek on Waynesboro to  
S i l a s  road , M iss is s ip p i  (composite s e c t io n  06).
Marianna Limestone
3. Limestone, s o f t  w ith  1 ' to  2 ' th ic k  ledges , cream 
c o lo re d ;  w ith  o r b i to i d s ,  Pecten perp lanus p o u lso n i ,
and Chlamys a n a t lp e s  2 3 .0 '
Mint Spring Marl
2. Marl, sandy, b u f f ,  g l a u c o n i t i c ;  w ith  c o ra ls  and 
m ollusks in c lu d in g  Pec ten  perp lanus p o u lso n i ;
- lower c o n ta c t  w ith  c la y  b a l l s  and burrowed zone 2 .5 '
"F o re s t  H i l l "  sand
I .  Clay, b lac k ,  t h in ly  In terbedded  w ith  g la u c o n i t i c ,
f o s s i l i f e r o u s  sand 9 .0 '+
V. Road c u t  3 .2  m iles NW of M il lry ,  Alabama (composite s e c t io n  07). 
C i t r o n e l le  Formation
5. Sand, red  5 .0 '+
Bucatunna Clay
4 . Clay, g ray ish  brown 1 0 .0 '+
Byram Marl
3 . S i l t ,  c la y ey ,  brown, g la u c o n i t i c ;  w ith  o r b i to id s ,
o y s te r s ,  and Pecten perp lanus byram ensls; l 1 th ic k  
in d u ra ted  marl n ear  the b a se ,  ta n ,  w ith  o rb i to id s
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and Pecten perp lanus byram ensig; lower c o n ta c t
not v i s i b l e 14.0*
Glendon Limestone
2. Limestone in te rbedded  w ith  sem i-Indura ted  m arl,
b u f f ,  s k e l e t a l ,  "horse  bone" w eathering ; w ith  
Chlamys duncanensls and Chlamys a n a t lp e s  
Marianna Limestone
7 .5 '
1. Limestone, s o f t ,  cream c o lo re d ;  w ith  Pec ten
perplanus poulson i 2 .0 '+
VI. S t .  Stephens quarry  ( s e c t io n  08); Lone S ta r  Cement Company 
quarry  lo ca ted  a t  S t .  Stephens B lu ff  (now q u a rr ie d )  on the 
Tomblgbee R iver, 2 .2  m iles  NE of the p re se n t  town of S t .  Stephens, 
Alabama.
C i t r o n e l le  Formation
10. Sand and s i l t y  c la y ,  red to  brown 2 0 .0 '+
Chickasawhay Limestone
9. Marl, sandy, b u f f ,  g l a u c o n i t i c ,  w ith  lim estone
led g es ;  co n ta in s  Chlamys howei, C. g le n d o n e n s is , 
C. m c g u i r t i , C. ga in es to w n en a is . C. c h i c k a r l a , 
Kuphua in c r a s s a t u s , Anomla t a y l o r e n s i s . Echlno- 
lampus a l d r i c h i , and C ass idu lus  g o u ld l i 1 8 .9 '
Bucatunna Clay
8. C lay, green to  b lack  (weathers brown); w ith
o ccas io n a l  one inch  s i l t  beds; gyps ife ro us 26.0*
Byram Marl
7. Marl, b u f f ,  g l a u c o n i t i c ;  w ith  Pectan howei 
m ariannensia  ( r a r e )  and Pec ten  perplanua 
byram enaia; d iaconform able lower c o n ta c t ;  
g ra d a t io n a l  upper c o n ta c t  
Glendon Limeatone
6. In terbedded lim estone  ledges and m arl, cream 
co lo red  (weathera brown), s k e l e t a l ;  w ith  
o r b l to id s ,  O strea  v ic k a b u rg e n s is . Chlamys 
duncanene is , Chlamys a n a t ip e a . Pecten perplanua 
p o u lao n i , Pec ten  perplanua byram enaia, and 
Pecten howei m ariannenaia ( r a r e )
Marianna Limeatone
S. Limestone, s o f t ,  cream or g ray , f in e ly  c r y s t a l l i n e ,  
w ith  o c ca s io n a l  in d u ra ted  zones; c o n ta in s  o r b i to id a ,  
C lypeaa te r  r o g e r a l , Pec ten  perp lanua p o u la o n i ,
Pec ten  perplanua p e rp la n u a , and O atrea  v ick sb u r-  
genais 
"F o re s t  H i l l "  Sand
4. C lay, da rk  brown, carbonaceous, b locky , sp a r in g ly  
f o a a i l i f e r o u a  
Red B lu f f  Clay
3. Limestone and c la y ,  gray to  o l iv e ,  g l a u c o n i t i c ;  
w ith  O atrea  v ic k a b u rg e n s is . Spondylua dumoaua, 
Chlamys a n a t ip e a , and Pec ten  perp lanua perplanua
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Shubuta Clay
2. C lay and sandy m arl ,  b lu e -g ra y ,  g l a u c o n i t i c ,  
c a lc a re o u s ;  lower p o r t io n  more sandy and w ith  
phosphate nodules and Chlamys s p l l lm a n l ; 
d lsc o n fo rm ity  a t  the base  6 .5 '
Pachuta  Marl
1. M arl, sandy, b lu e -g ra y ,  g l a u c o n i t i c ;  w ith
Chlamys s p i l lm a n i ; to  f lo o r  o f  n o r th  q ua rry  8 .0 '
V II . Road c u t s  1 .5  to  2 .5  m iles  so u th  of S u g g e s v i l le ,  Alabama 
( s e c t io n  10).
Glendon Limestone
5. In te rbedded  lim estone  Ledges and m a r l ,  cream
co lo red  (w eathers brown), s k e l e t a l ;  w ith  
o r b i to id s  8 .0 '
Marianna Limestone
4 . L im estone, s o f t ,  cream c o lo re d ;  w ith  o r b i to id s
and Pecten  pe rp ianus  p o u la o n i ; upper 6 ' w eathered  
to  "horsebone" 25.0*
3. Covered i n t e r v a l  23.0*
2. L im estone, s o f t ,  w h i te ,  becoming more g la u c o n i t i c  
n e a r  the b a se ;  w ith  1* th ic k  o r b i to l d a l  ledges
and Pec ten  perp lanua  perp lanua  28.0*
Red B lu ff  Formation
1. L im estone, s o f t  w i th  th in  led g e s ,  g ra y is h  g reen ,
v e ry  g l a u c o n i t i c ;  w ith  Pec ten  perplanua p e rp la n u a , 
Spondylus dumosus, and O s trea  v ic k sb u rg e n a is  1 6 .0 '+
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V II I .  Road c u t  3 .5  m iles  NW of F r isc o  C i ty ,  Alabama (composite 
s e c t io n  11).
C i t r o n e l le  Formation
8. Sand and g r a v e l ,  red  
Bucatunna Clay
7. C lay , brown, w eathers  gray  
Byram Karl
6. Marl, c la y e y ,  b u f f ;  w ith  o r b i to id s  
Glendon Limestone
5. In terbedded  lim estone  ledges and m arl ,  cream 
c o lo re d ,  s k e l e t a l ;  w ith  o r b i to id s  and Fee ten  
perp lanua byram ensis
4 .  Limestone, cream c o lo re d ,  “horsebone" w ea th e rin g ; 
w ith  o r b i t o i d s ,  Chlamys a n a t l p e s , and Chlamys 
duncanens i s  
Marianna Limestone
3. L im estone, w h i te ,  "horseboneM and nodu lar
w ea th e rin g ; w ith  o r b i to id s  and C ly p e a s te r  r o g e r s i
2. Covered i n t e r v a l
1. Lim estone, s o f t  to  in d u ra te d ,  w h i te ;  w ith
o r b i to id s  and r a r e l y  Pecten  perp lanus  p e rp ia n u s ; 
exposure in  l e f t  c re e k  bank
IX. Road c u t  0 .5  m ile  e a s t  o f  C a s t le b e r r y ,  Alabama (composite 
s e c t io n  12).
C i t r o n e l l e  Formation
3. Sand, red
1 5 .0 ' + 




2 1 . 0 '
2 8 .0 '
3 .0 '
2 0 .0 '+
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Byram-Bucatunna
2. C alcareous c la y  w ith  th in  m arls tone beds c o n ta in ­
ing  o r b i t o i d s ,  b ryozoans, Chlamys howei howei,
and Pecten perp lanua  perp lanua  3 3 .0 '
Glendon Limestone
1. In terbedded  ledges and marl po o rly  exposed to
c re ek  bottom  1 3 .0 '+
X. Conecuh Lime Company qua rry  (com posite s e c t i o n  12): 3 a i r l i n e
m iles  NE o f  C a s t le b e r r y ,  Alabama.
C i t r o n e l l e  Form ation
4 . Sand, red  5 .0 '+
Byram-Buca tunna
3. C lay , s i l t y ,  g re e n ish  brown, c a lc a re o u s ;  w i th  
l im estone  c o n c re t io n s ;  c o n ta in s  Pecten  perp lanus 
byramenaia and Pecten howei howei 13.5*
Glendon Limestone
2. In te rb edded  lim estone  ledges  and m a r l ,  cream 
c o lo re d ;  w ith  Pec te n  p e rp lanus  byram ensis in  the 
upper marl and Chlamys d u n c a n e n s is , Pec ten  
perp lanus  p o u ls o n i , and o th e r  m ollusks in  the
lower marl 14.0*
Marianna Limestone
1. Lim estone, s o f t  to  n o d u la r ,  cream c o lo re d ;  w ith
o r b i to id s  and C ly p eae te r  r o g e r s i ; no Pecten  3 2 .0 '
XI. McGovin Bridge and 200 yards n o r th  on the  r i g h t  bank o f the 
Conecuh R iv e r ,  Escambia County, Alabama ( s e c t io n  13).
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Byram Marl
3. Marl, c la y e y ,  b u f f ,  g l a u c o n i t i c ;  w ith  o r b i to id s ,
Pec ten  perplanua byramenaia ( r a r e ) ,  and Pec ten  
howei howei 4.0*
2. Marl w ith  0.5* sem i- indu ra ted  ledge , gray to  b u f f ,  
g l a u c o n i t i c ;  w ith  o r b i to i d s ,  Pecten perplanua 
byramenaia ( r a r e ) ,  and Pecten howei m ariannenala 1 .5 '
Glendon Limestone
1. In terbedded  lim estone  ledges and m arl,  cream 
c o lo re d ,  "horsebone11 w ea the rin g ; w ith  o r b i to id s  
and Pec ten  howei m ariannenala  ( r a r e ) ; to  w ater
le v e l  (low s ta g e )  1 2 .0 '+
X II. N a tu ra l  Bridge (composite s e c t io n  15): 8 a i r l i n e  m iles  ESE of
F lo r a la ,  Alabama.
Suwannee Limestone (Byram Marl)
2. L imestone, s o f t ,  tan ;  w ith  Pecten howei m arian- 
nens i s  and Pecten perp lanus by ram ensis ; in  road
c u t  to  top o f  h i l l  1 1 .0 '
1. Limestone, s o f t ,  ta n ;  w ith  Pecten howei m arlan- 
n e n s is  and Pecten perp lanus byram ensis ; exposed 
between road and pool le v e l  8 .0 '+
APPENDIX D: COMPUTER PRINTOUT OF DESCRIPTIVE DATA
Arrangement of Data
For each specimen (valve), the location and description are given 
on a single line of the computer printout of descriptive data. The 
data are grouped for each taxon described, i.e., ]?. £. perplanus, £. £. 
poulsoni. _P. £. byramensis, P. h_. howei. and P. h. mariannensis.
Within each taxon, the specimens are arranged by section (location from 
west to east), by sampling horizon (from bottom to top) within a 
section, and by specimen number within a sample.
Location of Data
From the left, columns 1-16 contain data for location and quali­
tative description; columns 18-54 contain quantitative data.
Cols. 1-2: single or composite section number (00 to 18); see
figure 2 and Appendix B.
Cols. 3-4: sample "horizons" (00 to 11); see figure 3 and Appendix
B .
Cols. 5-7: specimen number. The numbers of columns 1 to 7 combined
are used as specimen numbers in the Glawe Pecten Collection, L. S. U. 
Geology Museum.
Col. 8: valve - 0 3 left, 1 = right.
Col. 9: taxon - 0 =» P. £. perplanus, 1 = £. poulsoni, 2 = P. £.
byramensis, 3 - P. ti. mariannensis, 4 = £. h. howei.
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Col. 10: rib sculptural type at ventral margin - 0 “ smooth, 1 =
unilirate, 2 ** trilirate.
Col. 11: sediment type - 0 * pasty lime, 1 = clay marl, 2 * sandy
marl, 3 * skeletal lime.
Col 12: facies - 0 = detrital (excluding clay), 1 * nondetrital,
2 = detrital (clay).
Col. 13: formation - 0 = Red Bluff, 1 =* Marianna, 2 = Mint Spring,
3 = Glendon, 4 * Byram, 5 => Bucatunna, 6 = Bumpnose, 7 = Chickasawhay.
Col. 14; external sculptural type - not used, data were re-evaluated.
Col. 15: lamellae spacing - 0 = coarse, 1 * fine.
Col. 16: ear striations - 0 = prominent, 1 = faint to absent.
Cols. 18-21: length in mm.
Cols. 24-27: height in mm.
Cols. 30-33: hinge length in mm.
Cols. 36-39: inflation in mm.
Cols. 42-43: number of ribs.
Cols. 47-50: number of ear striations - (Cols. 47-48 = anterior,
cols. 49-50 “ posterior).
Cols. 52-54: inflation-to-height ratio.
Pec ten perplanus perplanus
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Pec te n  perp lanus byram ensls
170
C 0 0 0 C 0 I C 2 1 2 O 3 1 0 O 2 6 . 9 2 6 .
0 0 0 0 0 0 2 0 2  1 2 0 3 1 0 0 2 6 . 4 2 5 .
COO0 CC 3O 21 2 03  100 2 2 . 8 2 2 .
C C 0 C C Q 4 0 2 1 2 0 3 1 0 0 2 3 . 0 2 2 .
C 0 C C C C 5 0 2 1 2 0 3  100 2 4 . 0 2 3 .
C 0 0 0 G C 7 0 2 1 2 0 3  100 2 1 . 7 2 1 .
C G 0 0 0 0 9 0 2 1 2 0 3  5 0 0 1 8 . 9 1 7 .
C C G 0 0 1 1 0 2 1 2 0 3 5 0 0 1 8 . 4 1 8 .
C C O C 0 1 2 0 2 1 2 0 3 5 0 0 1 7 . 7 1 7 .
CCOCO 1 4 0 2  1 2 0 3 5 0 0 1 6 . 0 1 6 .
COOOG 1 5 0 2  1 2 0 3 5 0 0 1 6 . 3 1 6 .
C 0 0 0 0 1 6 0 2  1 2 0 3 5 0 0 1 5 . 4 1 5 .
COOOO 1 7 0 2 1 2 0 3 5 0 0 1 4 . 1 1 4 .
COOOO1 3 0 2 1 2 0 3 5 0 0 1 3 . 2 1 3 .
COOOO 1 9 0 2  1 2 0 3 5 0 0 ' 1 3 . 9 1 3 .
C 1 0 5 0 0 1 0 2 1 2 0 3 1 0 0 3 0 . 5 2 8 .
C 1 0 5 0 0 2 0 2 1 2 0 3 1 0 0 2 6 .
C 1 0 5 0 0 3 0 2 1 2 0 3 1 0 0 2 6 . 9 2 5 .
C 1 0 5 0 C 4 0 2 1 2 0 3 1 0 0 2 4 .
C 1 0 5 C 0 5 0 2 1 2 0 3 1 0 0 2 2 . 5 2 1 .
C 1 0 5 0 0 6 0 2 2 2 0 3 2 0 0 2 1 . 8 2 1 .
0 1 0 5 0 0 7 0 2 1 2 0 3 1 0 0 2 2 .  1 2 1 .
0 1 0 5 0 0 3 0 2 1 2 0 3 1 0 0 2 0 . 9 2 1 .
C 1 0 5 0 0 9 0 2 2 2 0 3 5 0 0
C 1 0 5 0 1 0 0 2 2 2 0 3 5 0 0 1 9 . 4 1 8 .
0 1 0 5 0 1 1 0 2 1 2 0 3 5 0 0 1 9 . 3 1 8 .
0 1 0 5 C 1 2 0 2 1 2 0 3 5 0 0 1 7 . 9 1 8 .
C 1 0 5 C 1 3 0 2 1 2 0 3 5 0 0 1 8 . 0 1 8 .
C 1 0 5 0 1 4 0 2 1 2 0 3 5 0 0 1 8 . 5 1 7 .
C 1 0 5 0 1 5 0 2 1 2 0 3 5 0 0 1 7 . 0 1 6 .
C 1 0 5 0 1 6 0 2 2 2 0 3 5 0 0 1 6 . 6 1 7 .
C 1 0 5 0 1 7 0 2 1 2 0 3 5 0 0 1 7 . 8 1 7 .
C 1 0 5 0  1 8 0 2 2 2 0 3 5 0 0 1 7 . 2 1 6 .
0 1 0 5 0  1 9 0 2 1 2 0 3 5 0 0 1 7 . 3 1 7 .
0 1 0 5 0 2 0 0 2 1 2 0 3 5 0 0 1 6 . 3 1 6 .
C 1 0 5 0 2  1 0 2 1 2 0 3 5 0 0 1 6 . 0 1 5 .
C 1 0 5 0 2 2 0 2 1 2 0 3 5 0 0 1 5 . 8 1 5 .
C 1 0 5 0 2 3 0 2 1 2 0 3 5 0 0 1 5 .
C 1 0 5 0 2 4 0 2 1 2 0 3 5 0 0 1 5 . 0 1 4 .
0 1 0 5 0 2 5 0 2 1 2 0 3 5 0 0 1 4 . 5 1 3 .
C 1 0 5 0 2 6 0 2 1 2 0 3 5 0 0 1 3 . 4 1 2 .
C 1 0 5 0 2 7 0 2 2 2 0 3 5 0 0 1 5 . 8 1 5 .
C 1 0 5 0 2 3 0 2 1 2 0 3 5 0 0 1 7 .  1 1 7 .
C 1 0 5 0 2 9 0 2 1 2 0 3 5 0 0 1 5 . 0 1 5 .
C 1 0 5 0 3 0 0 2 1 2 0 3 5 0 0 1 3 . 5 1 2 .
0 1 0 5 0 3 1 0 2 1 2 0 3 5 0 0 1 3 . 5 1 3 .
C 1 0 5 0 3 2 0 2 2 2 0 3 5 0 0 1 3 . 5 1 3 .
C 1 0 5 0 3 3 0 2 1 2 0 3 5 0 0 1 2 . 7 1 2 .
C 1 0 5 0 3 4 0 2 1 2 0 3 5 0 0 1 3 . 6 1 3 .
0 1 0 5 0 3 5 0 2 1 2 0 3 5 0 0 1 2 . 8 1 2 .
G 1 0 5 0 3 6 0 2 1 2 0 3 5 0 0 1 2 .
C l  0 5 0 3 7 0 2  1 2 0 3 5 0 0 1 1 . 7 1 1 .
C 1 0 5 0 3 3  0 2 1 2 0 3 5 0 0 1 1 . 0 1 0 .
0 1 0 5 0 3 9 0 2 1 2 0 3 5 0 0 1 0 . 8 1 0 .






0 2 . 8 19
20
0405 . 1 3
0 3 . 8 18 . 1 7
0 2 . 8 18 . 16
0 2 . 4 17 0505 . 13
0 2 . 5 18 0504 . 1 5
1 0 . 6 0 2 . 3 18 0405 . 1 4
0 1 . 5 17 . 0 9
1 0 . 0 0 2 . 6 18 0405 .  17
0 2 . 3 18 . 1 6
0 8 . 5 0 1 . 9 18 0505 . 14
0 2 . 0 18 0404 . 1 5
1 8 . 0 0 3 . 7 19 0505 . 1 3
0 4 . 0 06 . 1 5
1 5 . 5 0 3 . 5 19 0506 . 14
0 3 . 4 19 0505 . 14
1 3 . 4 0 2 . 8 19 0506 . 13
1 3 . 7 0 3 .  1 19 0505 . 14
0 2 . 9 06 . 13
0 2 . 7 19
19
04 . 13
1 2 . 0 0 2 . 5 18 0505 . 1 4
1 2 . 2 0 2 . 5 18 0505 . 1 3
1 1 . 4 0 2 .  1 19 0506 .  12
1 1 . 0 0 2 . 8 19 0505 . 16
1 1 . 9 0 2 . 6 19 0505 . 1 5
1 0 . 8 0 2 . 5 19 0505 . 15
10 .  1 0 2 . 9 20 0606 . 17
1 1 . 2 0 2 . 3 18 0505 . 13
1 1 . 8 0 2 . 4 20 0606 . 1 5
0 2 . 3 18 05 . 14
0 2 . 2 19 06 . 1 3
0 2 .  2 18 05 .  14
0 2 . 3 19 05 . 1 5
0 1 . 6 20 0505 . 1 0
0 1 . 6 20 0605 . 11
0 9 . 6 0 2 . 0 19 0505 . 14
0 8 . 0 0 1 . 8 19 0606 . 14
1 1 . 2 0 2 l 3 19 0705 . 14
0 2 . 8 19 04 . 16
0 2 .  5 19 0606 . 17
0 9 . 3 0 1 . 8 18 0405 . 14
0 1 . 8 19 05 . 1 3
0 1 . 8 20 06 . 1 4
0 8 . 2 0 1 . 5 20 0506 . 12
0 1 . 9 19 . 14
0 7 .  2 0 1 . 9 19 06 . 15
0 9 . 4 0 1 . 6 19 0605 . 13
0 1 . 5 19 0505 . 13
0 7 . 4 0 1 . 4 19 0404 . 1 3























































0 1 0 5 0 4 0 0 2 1 2 0 3 5 0 0 1 1 . 4 1 1 . 7 0 1 . 4 18 0 5
C 1 0 5 0 4  1 0 2 1 2 0 3 5 0 0 0 9 . 3 0 9 . 3 0 1 . 3 19 0 4
C 1 0 5 0 4 2  1 2 2 2 0 3 5 0 0 1 8 . 3 1 7 . 7 0 5 . 9 19 0 5 0 5
0 1 0 5 0 4 3 1 2 2 2 0 3 5 0 0 1 6 . 6 1 6 . 4 0 5 . 3 18 05
C 1 0 5 0 4 4 1 2 2 2 0 3  5 0 0 20
C 1 0 5 0 4 5 1 2 2 2 0 3 5 0 0 19
C 1 0 5 0 6 4 1 2 1 2 0 3 5 0 0 0 9 . 3 0 8 . 9 0 6 . 0 0 2 . 0 19 0 4 0 4
C 1 0 6 Q C 1 0 2 1 2 0 4 1 0 0 2 9 . 6 2 8 . 6 0 4 . 5 20 0 5 0 5
0 1 0 6 0 0 2 0 2 1 2 0 4 1 0 0 3 0 . 5 2 9 .  4 1 3 . 3 0 4 . 0 19 0 4 0 6
C 1 0 6 0 0 3 0 2 1 2 0 4 1 0 0 3 0 . 4 2 9 . 0 1 6 . 7 0 4 .  8 21 0 5 0 6
0 1 0 6 0 0 4 0 2 1 2 0 4 1 0 0 2 8 . 6 2 7 . 6 1 6 . 5 0 3 . 9 20 0 4 0 5
C 1 0 6 0 C 5 0 2 1 2 0 4 1 0 0 2 8 . 2 2 7 . 4 1 6 . 5 0 3 . 7 19 0 4 0 3
0 1 0 6 0 0 6 0 2 1 2 0 4 1 0 0 2 3 .  1 2 1 . 7 1 4 . 7 0 3 . 6 19 0 4 0 4
C 1 C 6 0 0 7 0 2 1 2 0 4 1 0 0 2 1 . 9 2 1 . 3 1 4 . 0 0 3 . 3 2 0 0 5 0 5
0 1 0 6 0 0 3 0 2 1 2 0 4 1 0 0 2 3 . 5 2 2 . 8 1 4 . 7 0 4 . 5 19 0 5 0 5
0 1 0 6 0 0 9 0 2 1 2 0 4 1 0 0 2 2 . 5 2 2 .  1 1 4 . 4 0 3 . 4 21 0 6 0 5
0 1 0 6 0 1 0 0 2 1 2 0 4 1 0 0 2 9 . 6 2 8 . 6 1 7 . 5 0 4 . 0 20 0 6 0 6
C 1 0 6 0  1 1 0 2 1 2 0 4 1 0 0 2 8 . 8 2 5 . 9 1 7 . 5 0 5 . 0 19 0 5 0 4
C 1 0 6 0 1 2 0 2 1 2  0 4 1 0 0 2 5 . 5 2 5 . 6 1 5 . 0 0 3 . 9 19 0 4 0 4
C 1 0 6 0 1 3 0 2 1 2 0 4 1 0 0 2 6 . 6 2 5 . 5 0 3 . 7 21 0 5 0 6
C 1 G 6 0 1 4 0 2 1 2 0 4 1 0 0 2 3 . 7 0 4 . 5 19 0 5 0 6
C 1 0 6 0 1 5 0 2 2 2 0 4 2 0 0 2 5 . 7 2 3 . 8 1 5 . 9 0 3 . 4 20 0 4 0 5
C 1 G 6 0 1 6 0 2 1 2 0 4 1 0 0 2 6 . 0 2 5 . 7 0 3 . 4 19 0 4 0 5
0 1 0 6 0 1 7 0 2 1 2 0 4 1 0 0 2 2 . 4 2 2 . 7 1 3 . 4 0 3 .  2 20 0 5 0 5
C 1 0 6 0 1 9 0 2 1 2 0 4 1 0 0 2 4 . 0 2 3 . 6 1 6 . 0 0 3 . 4 19 0 5 0 4
C 1 0 6 0 2 0 0 2 1 2 0 4 1 0 0 2 6 . 0 2 5 . 0 1 4 . 9 0 3 . 3 21 0 5 0 5
C 1 0 6 0 2 1 0 2 1 2 0 4 1 0 0 2 4 . 2 2 3 . 9 1 4 . 1 0 3 . 7 20 0 5 0 6
C 1 0 6 0 2 2 0 2  1 2 0 4 1 0 0 2 3 . 5 2 3 . 0 0 3 . 8 21 0 5 0 5
0 1 0 6 0 2 3 0 2 1 2 0 4 1 0 0 2 1 . 4 2 0 . 9 1 3 . 4 0 3 . 4 20 0 4 0 5
C 1 0 6 0 2 4 0 2 1 2 0 4 1 0 0 2 1 . 4 2 1 . 4 0 3 . 2 2 0 0 6 0 5
C 1 0 6 0 2 5 0 2  1 2 0 4 1 0 0 2 1 . 8 2 1 . 7 1 2 . 7 0 3 . 4 19 0 5 0 6
C 1 0 6 0 2 6 0 2 1 2 0 4 1 0 0 2 2 .  1 2 1 . 8 0 3 . 4 20 0 4 0 5
0 1 0 6 0 2 7 0 2 2 2 0 4 2 0 0 2 1 . 6 2 1 . 0 0 3 . 6 19 06
C 1 0 6 0 2 8 0 2 1 2 0 4 1 0 0 2 0 .  8 2 0 . 6 1 3 . 0 0 3 . 4 2 0 0 6 0 6
C 1 0 6 0 2 9 0 2 1 2 0 4 1 0 0 2 1 . 5 2 0 . 8 1 2 . 6 0 3 . 2 19 0 4 0 4
0 1 0 6 0 3 0 0 2 2 2 0 4 2 0 0 2 0 . 0 1 9 . 0 1 1 . 9 0 2 . 7 19 0 5 0 5
C 1 0 6 0 3  1 0 2 1 2 0 4 5 0 0 1 7 . 4 1 7 . 4 0 2 . 5 20 05
C 1 0 6 0 3 2 0 2 1 2 0 4 5 0 0 1 6 . 4 1 6 . 5 0 9 . 4 0 3 . 0 19 0 4 0 5
0 1 0 6 0 3 3 0 2 1 2 0 4 5 0 0 1 7 . 3 1 7 . 2 1 0 . 0 0 2 . 0 19 0 4 0 5
0 1 0 6 0 3 4 0 2 1 2 0 4 5 0 0 1 7 . 6 1 6 . 7 1 1 . 5 0 2 . 3 19 0 5 0 6
0 1 0 6 0 3 5 0 2 1 2 0 4 5 0 0 1 4 .  3 1 4 . 0 0 8 . 9 0 1 . 9 19 0 4 0 5
C 1 0 6 0 3 6 0 2 1 2 0 4 5 0 0 1 4 . 0 1 3 . 8 0 1 . 8 2 0 0 4 0 5
C 1 0 6 0 3 7 0 2 1 2 0 4 5 0 0 1 4 . 6 1 4 . 3 0 9 . 0 0 2 . 3 19 0 5 0 5
0 1 0 6 0 3 8 0 2 1 2 0 4 5 0 0 1 2 . 5 1 2 . 2 0 8 . 9 0 1 . 6 19 0 5 0 5
0 1 0 6 0 3 9 0 2 1 2 0 4 5 0 0 1 2 . 6 1 2 . 4 0 7 . 4 0 1 . 8 19 0 4 0 5
C 1 0 6 0 4 0 0 2 1 2 0 4 5 0 0 1 2 . 0 1 1 . 9 0 8 . 0 0 1 . 8 2 0 0 5 0 5
C 1 G 6 0 4 1 0 2 1 2 0 4  5 0 0 1 1 . 0 1 0 . 9 0 1 . 4 20 05
0 1 0 6 0 4 2 0 2 1 2 0 4 5 0 0 0 9 . 3 0 9 . 3 0 6 . 4 0 1 . 2 19 0 5 0 5
C 1 0 6 0 4 3 0 2 1 2 0 4 5 0 0 0 5 . 0 0 4 . 9 0 0 . 8 19
C 1 0 6 0 5 3 0 2 1 2 0 4 1 0 0 2 1 . 9 2 1 . 4 0 3 . 2 19 05
C 1 0 6 1 2 6 0 2 1 2 0 4 5 0 0 1 3 . 4 1 3 . 5 0 9 .  1 0 2 . 0 19 0 4 0 5
0 1 0 6 1 2 7 0 2 1 2 0 4 5 0 0 1 3 . 9 1 4 .  1 0 1 . 9 18 0 5 0 5
0 1 0 6 1 2 8 0 2 1 2 0 4 5 0 0 1 3 . 5 1 3 . 5 0 2 . 0 17 05





















































0 1 0 6 1 3 0 0 2 1 2 0 4 5 0 0 1 4 - 1 13
0 1 0 6 0 4 4 1 2 2 2 0 4 2 0 0 3 4 . 5 31
C 1 0 6 0 4 5 1 2 2 2 0 4 2 0 0 2 8 . 0 26
C 1 0 6 0 4 6 1 2 2 2 0 4 2 0 0 2 7 . 5 25
0 1 0 6 0 4 7 1 2 2 2 0 4 2 0 0 2 3 . 5 23
C 1 0 6 0 4 8  1 2 2 2 0 4 2 0 0 2 2 . 5 21
C 1 0 6 0 4 9 1 2 2 2 0 4 2 0 0 21
C 1 0 6 0 5 0 1 2 2 2 0 4 2 0 0 1 9 . 5 19
0 1 0 6 0 5 1 1 2 2 2 0 4 5 0 0 1 4 . 0 13
C 1 0 6 0 5 2 1 2 2 2 0 4 5 0 0 1 1 . 8
C 1 0 6 I G i l 2 1 2 0 4 1 0 0 3 0 . 7 2 9
0 1 C 6 1 0 2 1 2 1 2 0 4 1 0 0 2 9 . 7 2 3
C 1 0 6 1 0 3 1 2 1 2 0 4  100 2 9 . 9 28
0 1 0 6 1 0 4 1 2 1 2 0 4 1 0 0 2 6 . 9 2 6
0 1 0 6 1 0 5 1 2 1 2 0 4 1 0 0 2 7 . 0 26
0 1 0 6 1 0 6 1 2 1 2 0 4 1 0 0 2 8 . 3 2 5
0 1 0 6 1 0 7 1 2 1 2 0 4 1 0 0 2 4 . 4 23
C 1 0 6 1 C 8 1 2 1 2 0 4 1 0 0 2 2 . 8 21
0 1 0 6 1 0 9 1 2 1 2 0 4 1 0 0 2 2 . 3 22
0 1 0 6 1 1 0 1 2 1 2 0 4 1 0 0 2 2 . 4 21
0 1 0 6 1 1 1 1 2 1 2 0 4 1 0 0 2 0 . 9 20
C 1 0 6 1 1 2 1 2 1 2 0 4 1 0 0 2 0 . 8 20
C 1 0 6 1 1 3 1 2 1 2 0 4 1 0 0 1 9 . 2 19
C 1 0 6 1 1 4 1 2 1 2 0 4 1 0 0 1 9 . 9 19
0 1 0 6 1 1 5 1 2 1 2 0 4 1 0 0 1 9 . 8 20
C 1 0 6 1  16 1 2 1 2 0 4 5 0 0 1 7 . 4 18
C 1 0 6 1  1 7 1 2 1 2 0 4 5 0 0 1 8 . 0 18
0 1 0 6 1 1 3 1 2 1 2 0 4 5 0 0 1 8 . 8 18
0 1 0 6 1 1 9 1 2 1 2 0 4 5 0 0 1 7 . 6 18
C 1 0 6 1 2 0 1 2 1 2 0 4 5 0 0 1 8 . 3 18
C 1 0 6 1 2 1 1 2 1 2 0 4 5 0 0 1 6 . 2 16
0 1 0 6 1 2 2 1 2 1 2 0 4 5 0 0 1 6 . 0 15
0 1 0 6 1 2 3 1 2 1 2 0 4 5 0 0 1 4 . 6 14
C 1 0 6 1 2 4 1 2 1 2 0 4 5 0 0 1 4 .  o 13
C 1 0 6 1 2 5 1 2 1 2 0 4 5 0 0 1 3 . 9 14
0 1 0 6 1 3  1 1 2 2 2 0 4 2 0 0 3 6 .  1 33
6 1 0 6 1 3 2 1 2 2 2 0 4 2 0 0 2 6 . 6 26
C 1 0 6 1 3 3 1 2 2 2 0 4 2 0 0 2 5 . 8 2 4
C 1 0 6 1 3 4 1 2 2 2 0 4 2 0 0 2 4 . 0 23
C 1 0 6 1 3 5 1 2 2 2 0 4 2 0 0 2 2 . 4 21
0 1 0 6 1 3 6 1 2 2 2 0 4 2 0 0 2 1 . 9 21
C 1 0 6 1 3 7  1 2 2 2 0 4 2 0 0 2 0 . 0 20
C 1 0 6 1 3 8 1 2 1 2 0 4 1 0 0 2 0 . 7 20
C 1 0 6 1 3 9 1 2 2 2 0 4 2 0 0 2 1 . 0
C 1 0 6 1 4 1 1 2 2 2 0 4 5 0 0 1 8 . 0 18
0 1 0 6 1 4 2 1 2 2 2 0 4 5 0 0 1 7 . 7 17
C 1 0 6 1 4 3 1 2 1 2 0 4 5 0 0 1 0 . 9 10
0 2 0 1 0 0 1 0 2 1 3 1 4 1 0 0 3 8 . 0 36
0 2 0 1 C 0 2 0 2 1 3 1 4 1 0 0 2 9 . 5 28
0 2 0 1 0 0 3 0 2 1 3 1 4 1 0 0 2 9 . 6 28
0 2 0 1 0 0 4 0 2 1 3 1 4 1 0 0 2 8 . 8 26
0 2 0 1 0 0 5 0 2 1 3 1 4 1 0 0 2 8 . 0 2 6
C 2 0 1 0 0 6 0 2 1 3 1 4 1 0 0 2 6 . 3 25
0 2 0 1 0 0 7 0 2 1 3 1 4 1 0 0 2 7 . 6 26
0 9 .  1 0 2 .  1 17 0 5 0 4 . 1 5
1 8 . 6 1 0 . 0 2 0 0 5 0 5 . 32
1 6 .  8 0 9 .  1 2 0 0 4 0 6 .  34
1 6 . 4 0 7 . 9 19 0 5 0 6 . 3 2
Q 7 . 4 2 0 0 5 0 5 . 3 2
1 3 . 4 0 6 .  3 20 0 6 0 5 . 2 9
1 3 . 9 0 7 . 4 19 0 5 0 5 . 3 4
0 7 . 2 19 0 4 0 5 . 3 8
0 4 . 3 2 0 05 . 3 1
0 3 .  1 2 0 ■ 05 . 2 6
1 3 . 5 0 4 . 2 19 0 4 0 5 . 1 4
0 4 . 2 18 0 4 . 1 5
0 5 . 0 18 0 5 0 5 . 1 7
1 5 . 7 0 4 . 0 19 0 3 0 4 . 1 5
0 3 . 4 19 0 4 0 4 . 1 3
1 7 . 3 0 3 . 4 19 0 5 0 5 . 1 3
1 5 . 0 0 3 . 4 19 0 4 0 5 .  14
1 3 . 9 0 3 .  3 19 0 4 0 4 .  16
1 5 .  3 0 3 . 4 19 0 4 0 5 .  15
1 3 . 8 0 3 . 2 19 0 4 0 4 . 1 5
1 2 . 2 0 2 . 6 19 0 4 0 4 . 1 3
1 2 . 4 0 3 . 0 19 0 5 0 5 . 1 5
1 2 . 2 0 2 . 6 19 0 4 0 4 . 1 3
0 3 . 0 19 0 4 0 4 . 1 5
0 3 . 5 19 . 1 7
1 0 . 8 0 2 . 9 18 0 2 0 4 .  16
1 1 . 0 0 2 .  5 19 0 4 0 4 . 1 4
0 2 . 5 18 0 4 0 4 .  14
0 2 .  3 18 04 . 1 3
1 1 . 2 0 2 .  3 18 0 5 0 5 . 1 3
1 0 .  1 0 2 .  1 18 0 5 0 5 . 1 3
1 0 . 0 0 2 . 3 19 0 4 0 4 .  15
0 2 . 0 18 0 4 -  14
0 8 . 2 0 2 . 0 18 0 4 0 3 •  -  'I P
0 8 . 5 0 2 . 0 18 0 4 0 4 •  *  “V
1 2 . 2 2 0 0 4 0 5 *  3 6
0 9 . 4 20 0-. . 3 6
0 8 . 5 19 06 .  34
1 4 . 0 0 7 . 3 18 0 4 0 4 . 3 1
0 6 . 8 18 .  32
1 2 . 9 0 6 . 8 18 0 4 0 4 . 3 1
0 5 . 5 19 0 5 0 5 . 2 7
0 6 . 2 18 0 4 .  30
1 2 .  1 0 5 . 7 19 0 5 0 4
0 4 .  8 18 . 2 6
0 5 . 6 18 0 4 0 5 .  32
0 2 . 4 18 05 . 2 2
2 3 . 0 0 6 . 5 19 0 6 0 6 . 1 8
1 7 . 6 0 4 . 9 21 0 5 0 6 .  17
0 4 . 4 19 04 . 1 5
1 5 . 7 0 5 . 0 21 0 4 0 5 .  19
1 6 . 5 0 4 . 5 20 0 5 0 5 . 1 7
1 4 . 0 0 4 .  1 20 0 5 0 4 .  16
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C4 0 4 0 2 9 1 2 2 3 1 3 2 0 0 2 5 . 9 2 5 .
0 4 0 4 0 3 0 1 2 2 3 1 3 2 0 0 2 4 . 8 2 4 .
C 4 0 4 0 3 1 1 2 1 3 1 3 1 0 0 2 6 .  7 2 4 .
0 4 0 4 0 3 2 1 2 2 3 1 3 2 0 0 2 0 . 6 2 0 .
0 4 0 5 0 1 8 0 2 2 3 1 4 2 0 0 3 2 .  3 3 0 .
0 4 0 5 0 1 9 0 2 2 3 1 4 2 0 0 3 1 . 9 2 9 .
0 4 0 5 0 2 0 0 2 2 3 1 4 2 0 0 3 1 . 4 3 0 .
0 4 0 5 0 2 1 0 2 2 3 1 4 2 0 0 2 6 . 2 2 5 .
0 4 0 5 0 2 2 0 2 2 3 1 4 2 0 0 2 6 . 5 2 5 .
0 4 0 5 0 2 3 0 2 2 3 1 4 2 0 0 2 5 . 6 2 5 .
0 4 0 5 0 2 4 0 2 2 3 1 4 2 0 0 2 4 .  4 2 3 .
0 4 0 5 0 2 5 0 2 2 3 1 4  2 0 0 2 4 . 4 2 3 .
0 4 0 5 0 0 1 1 2 2 3 1 4 2 0 0 3 6 . 9
0 4 0 5 0 0 2 1 2 2 3 1 4 2 0 0 3 2 . 8 3 1 .
0 4 0 5 0 0 3 1 2 2 3 1 4 2 0 0 3 1 . 0 3 0 .
0 4 0 5 0 0 4 1 2 2 3 1 4 2 0 0 3 3 . 2 3 1 .
0 4 0 5 0 0 5 1 2 2 3 1 4 2 0 0 3 0 . 0 2 9 .
0 4 0 5 0 0 6 1 2 2 3 1 4 2 0 0 2 9 . 6 2 9 .
0 4 0 5 0 0 7 1 2 2 3 1 4 2 0 0 3 0 .  1 2 8 .
0 4 0 5 0 0 8 1 2 2 3 1 4 2 0 0 2 7 . 8 2 6 .
0 4 0 5 0 0 9 1 2 2 3 1 4 2 0 0 2 7 . 0 2 6 .
0 4 0 5 0  1 0 1 2 2 3 1 4 2 0 0 2 5 . 2 2 4 .
C 4C5 0  1 1 1 2 2 3 1 4 2 0 0 2 4 . 2 2 4 .
0 4 0 5 0 1 2 1 2 2 3 1 4 2 0 0 2 5 . 9 2 4 .
0 4 0 5 0 1 3 1 2 2 3 1 4 2 0 0 2 3 . 3 2 2 .
0 4 0 5 0  1 4 1 2 2 3 1 4 2 0 0 1 9 . 4 1 8 .
0 4 0 5 0 1 5 1 2 2 3 1 4 2 0 0 1 8 . 7 1 8 .
0 4 0 5 0  1 6 1 2 2 3 1 4 2 0 0 1 3 . 4 1 7 .
0 4 0 5 0 1 7 1 2 2 3 1 4 2 0 0 1 7 . 3 1 7 .
0 6 0 5 0 0 1 0 2 2 3 1 4 2 0 0 3 5 . 9 3 3 .
0 6 0 5 0 0 2 0 2 2 3 1 4 2 0 0 3 6 . 8 3 4 .
0 6 0 5 0 0 3 0 2 2 3 1 4 2 0 0 3 2 . 8 3 0 .
0 6 0 5 0 C 4 0 2 2 3 1 4 2 0 0 2 9 . 1 2 8  .
0 6 C 5 0 C 5 0 2 2 3 1 4 2 0 0 3 0 . 6 2 8 .
C 6 0 5 0 0 6 0 2 2 3 1 4 2 0 0 3 0 . 4 2 7 .
0 6 0 5 0 0 7 0 2 2 3 1 4 2 0 0 3 1 . 0
0 6 0 5 0 C 3 0 2 2 3 1 4 2 0 0 2 9 . 9 2 7 .
C 6 G 5 0 C 9 0 2 2 3 1 4 2 G 0 2 7 . 6 2 6 .
0 6 0 5 0 1 0 0 2 2 3 1 4 2 0 0 2 7 .
C 6 0 5 0 1 1 0 2 2 3 1 4 2 0 0 2 7 . 7 26  .
0 6 0 5 0 1 2 0 2 2 3 1 4 2 0 0 2 6 . 9 2 5 .
0 6 0 5 0 1 3 0 2 2 3 1 4 2 0 0 2 4 . 6 2 3 .
0 6 0 5 0 1 4 0 2 2 3 1 4 2 0 0 2 2 . 4 2 1 .
0 6 0 5 0 1 6 0 2 1 3 1 4 1 0 0 1 9 . 3 1 9 .
0 6 0 5 0 1 7 0 2 1 3 1 4 1 0 0 1 9 . 4 1 9 .
C o 0 5 0  1 8 0 2 1 3 1 4 5 0 0 1 3 . 9 1 4 .
C 6 0 5 0 2 5 0 2 2 3 1 4 2 0 0 3 5 . 4 3 2 .
0 6 0 5 0 2 6 0 2 2 3 1 4 2 0 0 3 2 . 8 3 0 .
C 6 0 5 0 2 7 0 2 2 3 1 4 2 0 0 3 2 . 7 3 0 .
C 6 0 5 0 2 S 0 2 2 3 1 4 2 0 0 3 1 . 0 2 9 .
0 6 0 5 0 2 9 0 2 2 3 1 4 2 0 0 3 1 . 4 2 8 .
C 6 0 5 0 3 0 0 2 2 3 1 4 2 0 0 2 9 . 0 2 9 .
0 6 0 5 0 3 1 0 2 2 3 1 4 2 0 0 2 9 . 8 2 8 .
C 6 0 5 0 3 2 0 2 2 3 1 4 2 0 0 2 8 .
0 7 . 7 2 0 0 5 0 6 . 3 0
0 5 . 9 . 2 4
20
0 5 . 0 2 0 0 5 . 2 4
1 9 . 0 0 5 . 6 19 0 5 0 6 .  18
1 9 . 3 0 5 .  5 19 0 6 0 7 .  18
2 0 . 0 0 6 . 0 19 0 4 0 5 . 2 0
1 5 . 7 0 4 . 0 19 0 5 .  16
1 5 . 5 0 4 . 6 20 0 5 0 6 .  18
1 6 . 0 0 4 . 2 20 0 5 0 6 .  17
1 4 . 9 0 4 .  3 19 0 5 0 5 . 1 8
1 5 . 7 0 4 . 3 19 0 6 0 7 .  18
19 0 5 0 7
1 9 . 6 0 8 . 9 21 0 5 0 8 . 2 9
1 3 . 0 0 8 . 4 20 0 5 0 7 . 2 8
1 9 * 9 0 9 . 4 20 0 5 0 7 . 3 0
1 8 . 5 0 8 . 6 20 0 5 0 7 . 3 0
0 9 . 4 18 0 5 0 5
1 7 . 2 0 8 . 7 2 0 07 . 3 0
0 7 . 4 20 0 7 . 2 8
0 8 . 2 19 . 3 1
0 7 .  1 2 0 05 . 2 9
1 3 . 2 0 7 . 0 19 0 5 0 7 . 2 9
0 7 . 0 20 06 . 2 9
1 3 . 7 0 5 . 8 20 0 6 0 6 . 2 6
1 2 . 5 20 0 4 0 6
0 3 . 9 2 0 0 4 0 6 . 2 1
0 4 . 5 18 05 . 2 5
0 4 . 3 20 0 4 0 5 . 2 5
1 8 . 8 21 05
1 6 . 8 21 05
1 6 . 7 0 5 .  1 2 0 0 5 0 5 1 Q•  W
0 4 . 6 22 05 .  16
1 7 . 1 0 5 .  1 2 0 0 6 0 6 . 1 8
1 7 . 4 21 0 5 0 5
0 5 . 3 21 0 5 0 5 . 19
0 4 . 8 21 0 4 0 5 . 1 8
0 4 . 6 05 .  17
21 0 5 0 6
1 3 . 8
1 1 . 6 0 3 .  5 21 05 . 1 7
1 0 . 4 19 0 5 0 5
0 7 . 5 21 0 5 0 5
1 9 . 7 0 5 . 8 21 06 . 1 8
21 0 5 0 5
0 5 . 5 21 0 5 0 0 . 18
1 7 . 2 20 07
1 7 . 9 0 4 . 3 21 0 5 0 6 . 1 5
20 07
22 06






















































0 6 0 5 0 3 3 0 2 2 3 1 4 2 0 0 2 3 . 7 2 5
0 6 0 5 0 3 4 0 2 2 3 1 4 2 0 0 2 3 . 6 23
0 6 0 5 0 3 5 0 2 2 3 1 4 2 0 0 2 1 . 6 21
0 6 0 5 0 3 6 0 2 2 3 1 4 2 0 0 2 3 . 7 22
0 6 0 5 0 3 7 0 2 2 3 1 4 5 0 0 1 6 . 3 15
0 6 0 5 0 1 9 1 2 2 3 1 4 2 0 0 3 1 . 1 30
0 6 0 5 0 2 0 1 2 2 3 1 4 2 0 0 29
0 6 0 5 0 2 1 1 2 2 3 1 4 2 0 0 2 3 . 4 2 7
0 7 0 5 0 1 2 0 2 2 3 1 3 2 0 0 3 5 . 9 32
0 7 0 5 0 1 4 0 2 2 3 1 3 2 0 0 3 0 . 3 29
0 7 0 5 0 1 5 0 2 2 3 1 3 2 0 0 2 9 . 2 28
0 7 0 5 0 1 6 0 2 2 3 1 3 2 0 0 2 7 . 5 27
0 7 0 5 0 1 7 0 2 2 3 1 3 2 0 0 2 3 . 5 2 8
0 7 0 5 0 1 8 0 2 2 3 1 3 2 0 0 2 7 . 4 26
C 7 0 5 0 1 9 0 2 2 3 1 3 2 0 0 2 7 . 0 2 5
0 7 0 5 0 2 C 0 2 2 3 1 3 2 0 0 2 3 . 9 23
0 7 0 5 0 3 1 0 2 2 3 1 3 2 0 0 3 2 . 7 31
0 7 0 5 0 3 2 0 2 2 3 1 3 2 0 0 2 0 . 5 27
0 7 0 5 0 3 3 0 2 2 3 1 3 2 0 0 2 3 . 3 22
0 7 0 5 0 3 4 0 2 2 3 1 3 2 0 0 2 2 . 4 21
0 7 0 5 0 3 5 0 2 2 3 1 3 2 0 0 2 0 . 9 20
0 7 0 5 0 3 6 0 2 2 3 1 3 2 0 0 2 0 . 5 19
0 7 0 5 0 0 3 1 2 2 3 1 3 2 0 0 3 6 . 2 34
0 7 0 5 0 0 4 1 2 2 3 1 3 2 0 0 3 2 . 5 29
0 7 0 5 0 0 5 1 2 2 3 1 3 2 0 0 3 1 . 6 2 9
0 7 0 5 0 0 6 1 2 2 3 1 3 2 0 0 3 0 . 5 28
0 7 0 5 0 0 7 1 2 2 3 1 3 2 0 0 2 7 . 0 25
0 7 0 5 0 2 1 1 2 2 3 1 3 2 0 0 3 5 . 0 32
0 7 0 5 0 2 2 1 2 2 3 1 3 2 0 0 3 2 . 2 31
0 7 0 5 0 2 3 1 2 2 3 1 3 2 0 0 3 4 . 5 31
0 7 0 5 0 2 4 1 2 2 3 1 3 2 0 0 3 3 . 5 33
0 7 0 5 0 2 5 1 2 2 3 1 3 2 0 0 3 0 . 0 29
0 7 0 5 0 2 6 1 2 2 3 1 3 2 0 0 2 9 . 3 28
0 7 0 5 0 2 7 1 2 2 3 1 3 2 0 0 2 9 . 9 28
C 7 0 5 0 2 9 1 2 2 3 1 3 2 0 0 2 1 . 1 2 0
0 7 0 6 0 0 1 0 2 2 3 1 4 2 0 0 3 9 . 0 3 4
0 7 0 6 0 0 2 0 2 2 3 1 4 2 0 0 3 5 . 8 32
0 7 0 6 0 0 3 0 2 1 3 1 4 1 0 0 2 7 . 5 26
C7G6QC4 0 2 2 3 1 4 2 0 0 2 5 . 1 25
0 7 0  6 0 0 5 0 2 2 3 1 4 2 0 0 1 9 .  3 19
0 7 0 6 0 0 6 1 2 2 3 1 4 2 0 0 2 7 . 2 25
0 7 0 6 0 0 7 1 2 2 3 1 4 2 0 0 2 5 . 0 24
0 7 0 6 0 C 8 1 2 2 3 1 4 5 0 0 1 9 . 0 13
0 7 0 7 0 0 1 0 2 2 1 2 4 2 0 0 3 0 . 9 30
0 7 0 7 0 0 2 0 2 2 1 2 4 2 0 0 2 8 . 4 2 7
0 7 0 7 0 0 3 0 2 2 1 2 4 2 0 0 2 6 . 6 25
0 7 0 7 0 0 4 0 2 2 1 2 4 2 0 0 2 4 . 4 24
0 7 0 7 0 0 5 0 2 2 1 2 4 2 0 0 2 3 . 9 24
0 7 0 7 0 0 6 0 2 2 1 2 4 2 0 0 2 4 . 2 22
0 7 0 7 0 0 7 0 2 2 1 - 2 4 2 0 0 2 3 . 0 23
0 7 0 7 0 0 3 0 2 2 1 2 4 2 0 0 2 3 . 9 2 4
0 7 0 7 0 0 9 0 2 2 1 2 4 2 0 0 2 3 . 5 23
0 7 0 7 0 1 0 0 2 2 1 2 4 2 0 0 2 5 . 1 24
0 7 0 7 0 1 1 0 2 2 1 2 4 2 0 0 2 5 . 0 22
1 6 .  0 0 5 . 2 20 . 2 0
1 3 . 7 0 4 . 0 21 0 5 0 5 .  17
1 3 . 7 2 0
0 2 . 3 19 0 6 0 6 .  14
0 8 . 2 23 0 7 . 2 7
0 8 . 9 06 . 3 0
0 7 . 0 2 0 . 3 5
0 4 . 9 .  15
0 4 . 4 . 1 5
1 6 . 2 20 0 6 0 6
2 0 0 6
21
0 4 . 0 20 . 1 5
1 6 .  3 0 4 . 0 21 0 6 0 6 .  16
1 3 . 4 21 0 6 0 5
0 4 . 3 21 0 6 0 5 .  14
1 5 . 7 0 4 .  1 22 0 4 0 5 . 1 5
0 3 . 7 21 0 5 0 5 . 1 6
2 0 0 4 0  5
0 3 . 3 21 0 5 0 5 .  16
1 2 . 3 0 2 . 8 21 .  14
1 2 . 2 2 0 . 3 5
1 8 . 2 1 0 . 0 2 0 05 . 3 4
0 8 . 5 20 0 6 . 2 9
1 7 . 2 0 8 . 7 2 0 . 3 2
0 6 .  1 19 . 2 4
0 9 . 0 2 0 . 2 7
0 8 . 2 20 0 5 0 5 . 2 6
1 2 . 6 20 06 . 4 0
1 9 .  1 0 8 . 3 18 0 5 0 6 . 2 7
0 8 . 6 2 0 . 2 9
0 7 . 5 20 . 2 7
0 8 . 2 20 05 . 2 9
0 4 .  1 20 . 2 0
2 0 . 4 0 5 . 8 2 0 0 6 0 7 . 1 7
1 8 . 4 0 4 . 2 21 0 5 0 7 . 1 3
1 5 . 0 0 4 . 0 19 0 5 0 6 . 1 5
0 4 . 2 0 5 .  17
1 0 . 7 0 2 .  5 2 0 0 5 0 6 . 1 3
1 4 . 0 0 6 . 6 19 .  26
0 5 . 8 20 06 . 2 4
0 4 . 0 20 . 2 2
1 5 . 7 0 4 . 6 2 0 0 4 0 5 . 1 5
0 4 . 2 21 0 5 0 5 .  16
0 4 .  1 20 .  16
0 3 . 2 20 . 1 3
0 3 . 0 21 04 . 1 2
1 4 . 0 0 3 . 4 20 0 4 0 4 . 1 5
0 3 . 2 19 . 14
0 3 . 2 20 0 4 0 5 . 13
0 3 . 5 19 .  15
0 4 . 0 19 .  16
























































C 7 0 7 0 1 2 0 2 2 1 2 4 2 0 0 2 3 . 6 23
0 7 0 7 0 1 3 0 2 2 1 2 4 2 0 0 2 3 . 6 2 3
0 7 0 7 0 1 4 0 2 2 1 2 4 2 0 0 2 3 . 5 22
0 7 0 7 0 1 5 0 2 2 1 2 4 2 0 0 2 1 . 1 2 1
0 7 0 7 0 1 7 0 2 2 1 2 4 2 0 0 2 2 . 0 21
0 7 0 7 0  1 8 0 2 2 1 2 4 2 0 0 2 3 . 2 23
0 7 0 7 0  1 9 0 2 1 1 2 4 1 0 0 2 2 . 5 2 2
0 7 0 7 0 2 0 0 2 2 1 2 4 2 0 0 2 2 . 5 21
0 7 0 7 0 2 1 0 2 2 1 2 4 2 0 0 2 2 . 6 21
0 7 0 7 0 2 3 0 2 2 1 2 4 2 0 0 2 0 .  5 2 0
0 7 0 7 0 2 4 0 2 1 1 2 4 1 0 0 2 0 . 4 2 0
C7 0 7 0 2 5 0 2 2 1 2 4 2 0 0 2 0 . 7 20
C 7 0 7 0 2 6 0 2  2 1 2 4 2 0 0 2 0 . 2 19
0 7 0 7 0 2 7 0 2 2 1 2 4 2 0 0 1 9 . 6 19
0 7 0 7 0 2 8 0 2 2 1 2 4 2 0 0 2 0 . 6 19
0 7 0 7 0 2 9 0 2 2 1 2 4 2 0 0 1 9 . 4 19
G 7 0 7 C 3 C 0 2 2 1 2 4 2 0 0 1 8 . 6 19
0 7 0 7 0 3 1 0 2 2 1 2 4 5 0 0 1 7 . 9 18
0 7 0 7 0 3 2 0 2 1 1 2 4 5 0 0 1 5 . 2 15
0 7 0 7 0 3 3 0 2 1 1 2 4 5 0 0 1 4 . 4 14
0 7 0 7 0 3 4 0 2 1 1 2 4 5 0 0 1 3 . 3 13
0 7 0 7 0 3 5 0 2 1 1 2 4 5 0 0 1 2 . 1 11
0 7 0 7 0 3 6 0 2 1 1 2 4 5 0 0 1 1 . 3 10
0 7 ' 0 7 0 3 7 1 2 2 1 2 4 2 0 0 2 7 . 2 2 6
0 7 0 7 0 3 8 1 2 2 1 2 4 2 0 0 2 4 . 8 2 4
0 7 0 7 0 3 9 1 2 2 1 2 4 2 0 0 2 4 . 0 2 4
0 7 0 7 0 4 0 1 2 2 1 2 4  2 0 0 2 5 . 0 -24
G 7 C 7 0 4 1 1 2 2 I 2 4 2 0 0 2 2 . 5 21
C 7 0 7 G 4 2 I 2 2 1 2 4 2 0 0 2 2 . 0 22
C 7 0 7 0 4 3 I 2 2 L 2 4 2 0 0 2 2 . 0 21
0 7 0 7 0 4 4 1 2 2 1 2 4 2 0 0 2 1 . 9 22
G 7 0 7 0 4 5 1 2 2 1 2 4 2 0 0 2 1 . 3 21
0 7 0 7 0 4 6 1 2 2 1 2 4 2 0 0 1 7 . 6 18
0 7 0 7 0 4 7 1 2 2 1 2 4 2 0 0 2 0 . 0 2 0
0 7 0 7 0 4 3  1 2 2 1 2 4 5 0 0 1 2 . 3 11
C 3 0 S 0 0 3 0 2 2 3 1 3 2 0 0 2 4 . 3 23
0 3 0 3 0 0 4 0 2 2 3 1 3 5 0 0 1 3 . 2 13
0 8 0 3 0 0 5 0 2 2 3 1 3 2 0 0 2 1 . 2 2 0
0 3 0 3 0 0 7 0 2 2 3 1 3 2 0 0 3 3 . 9 32
C 8 0 3 0 0  80  2 2 3 1 3 2 0 0 3 0 . 8 2 9
0 8 0 3 0 0 9 0 2 2 3 1 3 2 0 0 2 6 . 9
C C 0 3 0 1 0 0 2 2 3 1 3 2 0 0 2 5 . 4 24
0 8 0 8 0 1 3 0 2 2 3 1 3 2 0 0 2 9 . 0 27
0 8 0 8 0 1 5 0 2 2 3 1 3 2 0 0 2 6 . 8 25
0 8 0 3 0 1 7 0 2 2 3 1 3 2 0 0 2 2 . 5
0 8 0 3 0 1 3 0 2 2 3 1 3 2 0 0 2 0 . 4 20
0 8 0 8 0 2 0 0 2 2 3 1 3 2 0 0 2 8 . 4 2 6
0 3 0 3 0 2 2 0 2 2 3 1 3 2 0 0 2 6 . 5
0 3 0 3 0 2 3 0 2 2 3 1 3 2 0 0 2 5 . 7
0 3 0 3 0 2 4 0 2 2 3 1 3 2 0 0 2 0 . 0
C 8 0 S 0 2 6 0 2 2 3 1 3 2 0 0 27
0 8 0 3 0 2 7 0 2 2 3 1 3 2 0 0 2 1 . 7 20
0 8 0 5 0 3 0 0 2 2 3 1 3 2 0 0 2 7 . 0 2 5
0 8 0 8 0 3 2 0 2 2 3 1 3 2 0 0 2 0 . 6
0 3 . 5 19 . 1 5
0 2 . 9 19 0 4 0 5 . 1 3
1 3 . 9 0 2 . 9 2 0 0 4 0 5 . 1 3
0 3 . 2 20 04 . 1 5
0 3 . 8 2 0 . 1 8
1 2 . 5 0 3 . 7 2 0 0 5 0 5 . 16
1 3 . 8 0 3 .  1 19 0 4 0 6 .  14
0 3 .  3 05 . 1 5
0 3 . 6 19 .  17
0 3 .  1 19 . 1 5
0 2 . 8 2 0 . 14
0 3 . 0 19 0 4 0 4 .  15
0 3 . 0 2 0 0 4 . 1 5
1 1 . 8 0 3 .  1 2 0 0 6 . 1 6
1 1 . 8 0 2 . 9 19 0 4 0 5 . 1 5
0 3 . 0 2 0 .  15
0 2 . 6 19 . 1 4
0 2 . 9 19 .  1 6
0 8 .  3 C i . 6 2 0 05 .  1 1
0 3 . 2 0 2 . 4 20 0 4 0 4 . 17
0 1 . 4 17 . 1 0
0 7 . 6 0 1 . 6 19
19
0 4 0 5 .  14
0 8 . 4 19 .  32
0 6 . 9 18 . 2 8
0 6 . 7 20 0 5 . 2 8
1 3 . 0 0 8 . 0 20 0 4 0 6 . 3 3
0 6 . 8 21 . 3 2
0 6 . 4 19 . 2 9
1 2 . 4 0 7 . 8 19 0 3 0 4 . 3 6
0 8 . 0 2 0 03 . 3 6
0 5 . 3 20 . 2 5
0 5 . 0 19 0 3 0 5 . 2 8
0 7 . 2 20 0 3 0 5 . 3 7
0 7 . 7 0 2 . 8 19 0 3 0 4 . 2 4
0 3 . 2 2 0 0 5 0 5 . 14
0 1 . 9 2 0 0 4 .  14
1 1 . 6 0 2 . 5 21 0 4 .  12
1 7 . 8 0 4 . 9 21 0 7 0 5 . 1 5
0 4 . 2 19
21
. 1 4
0 4 . 0 19 .  16
1 6 . 5 0 4 . 8 20 0 5 0 5 .  18
1 5 .  1 0 3 . 5 21
2 0
0 3 0 5 .  14
0 3 . 0 20 . 1 5
1 6 . 0 0 4 .  3 21
19
0 4 0 5 .  16
o -t- • CD .  18


















































C 0 0 3 0 3 3 0 2 2 3 I 3 2 0 0 1 9 . 0 1 9 . 7
0 8 0 3 0 3 4 0 2 2 3 1 3 2 0 0 2 7 . 7
0 8 0 8 0 3 5 0 2 2 3 1 3 2 0 0 3 6 . 5
0 8 0 3 0 3 6 0 2 2 3 1 3 2 0 0 3 4 .  7 3 3 . 2
C 8 C 0 0 3 7 0 2 2 3 1 3 2 0 0 3 3 . 0 3 1 . 2
0 8 0 3 0 3 8 0 2 2 3 1 3 2 0 0 3 2 . 5 3 1 . 0
0 8 0 3 0 3 9 0 2 2 3 1 3 2 0 0 3 0 . 0
0 3 0 3 0 4 0 0 2 2 3 1 3 2 0 0 2 7 . 8 2 6 . 5
0 3 0 8 0 4  j. 0 2 2 3 1 3 2 0 0 2 6 . 0 2 5 . 9
0 3 0 8 0 4 2 0 2 2 3 1 3 2 0 0 2 4 . 4 2 3 . 1
C 3 0 8 0 4 3 0 2 2 3 1 3 2 0 0 2 5 . 4 2 4 . 3
0 8 0 3 0 4 4 0 2 2 3 1 3 2 0 0  ~ 2 6 .  1 2 4 . 0
C 3 0 8 0 4 5 0 2 2 3 L 3 2 0 0 2 3 . 1
0 8 0 8 0 5 2 0 2 2 3 1 3 2 0 0 3 3 . 8 3 1 . 9
0 8 0 3 0 5 3 0 2 2 3 1 3 2 0 0 3 0 . 6 2 9 . 5
0 8 0 8 0 5 4 0 2 2 3  1 3 2 C 0 3 2 . 1 3 0 . 4
0 3 0 3 0 5 5 0 2 2 3 1 3 2 0 0 2 3 . 7 2 8 . 4
CSO8 0 5 6 0 2 2 3 1 3 2 0 0 2 9 . 3 2 8 . 3
0 8 0 8 0 5 7 0 2 2 3 1 3 2 0 0 2 7 . 8 2 6 . 7
0 8 0 8 0 5 8 0 2 2 3  1 3 2 0 0 2 6 . 9 2 6 . 0
0 6 0 3 0 5 9 0 2 2 3 1 3 2 0 0 2 9 . 3
C 8 0 3 G 6 C 0 2 2 3 1 3 2 0 0 2 8 . 0 2 7 . 0
0 3 0 3 0 6 1 0 2 2 3  1 3 2 0 0 2 9 . 9 2 9 . 4
0 6 0 3 0 6 2 0 2 2 3  1 3 2 0 0 2 6 .  1 2 4 . 6
0 3 0 3 0 6 3 0 2 2 3 1 3 2 0 0 2 7 .  1
C 8 0 8 0 6 4 0 2 2 3 1 3 2 0 0 2 6 . 5
0 6 0 3 0 6 5 0 2 2 3 1 3 2 0 0 2 4 . 3 2 3 . 0
C 3 0 8 0 6 6 0 2 2 3 1 3 2 0 0 2 6 .  1 2 5 . 6
0 6 0 8 0 8 7 0 2 2 3 1 3 2 0 0 2 6 . 9
0 8 0 3 0 6 3 0 2 2 3 1 3 2 0 0 2 1 . 4
0 3 0 3 0 6 9 0 2 2 3 1 3 2 0 0 2 3 . 2 2 2 . 9
0 3 0 3 0 7 0 0 2 2 3 1 3 2 0 0 2 6 . 0
C 8 0 3 0 7 1 0 2 2 3  1 3 2 0 0 2 4 . 5 2 4 .  2
0 3 0 3 0 7 2 0 2 2 3 1 3 2 0 0 2 2 . 5 2 2 . 0
0 5 0 3 0 7 3 0 2 2 3 1 3 2 0 0 2 3 . 2 2 2 . 0
0 6 0 3 0 7 4 0 2 2 3 1 3 2 0 0 2 5 . 0
0 8 0 5 0 7 5 0 2 2 3 1 3 2 0 0 2 4 . 9 2 4 . 5
C 8 0 3 0 7 6 0 2 2 3 1 3 2 0 0 2 3 . 0
0 8 0 8 0 7 7 0 2 2 3 1 3 2 0 0 2 4 . 1 2 3 . 3
0 3 0 3 0 7 0 0 2 2 3 1 3 2 0 0 2 3 . 2 2 2 . 3
C8 0 3 0 7 9 0 2 2 3 1 3 2 0 0 2 2 . 6 2 1 . 6
C 8 0 3 0 3 C 0 2 2 3 1 3 2 0 0 2 2 .  1 2 1 . 4
0 8 0 3 0 3 1 0 2 2 3 1 3 2 0 0 2 2 . 7 2 1 . 8
0 3 0 3 0 8 2 0 2 2 3 1 3 2 0 0 2 0 .  I 2 0 . 7
0 3 0 3 0 3 3 0 2 2 3 1 3 2 0 0 2 1 . 9
C S 0 3 0 8 4 0 2 2 3 1 3 2 0 0 2 0 . 3 1 9 . 9
C30  3 C 3 5 0 2 2 3 1 3 5 0 0 1 8 . 8 1 8 . 7
0 3 0 8 0 3 6 0 2 2 3 1 3 5 0 0 1 5 . 7 1 5 . 2
0 3 0 3 0 3 7 0 2 2 3 1 3 5 0 0 1 4 . 4 1 4 . 5
0 3 0 3 1 0 0 0 2 1 3 1 3 1 0 0 2 3 . 2 2 1 . 9
0 8 0 3 0 0 2 1 2 2 3 1 3 2 0 0 3 4 . 3 3 1 . 8
0 3 0 8 0 0 6 1 2 2 3 1 3 2 0 0 3 5 . 3 3 4 . 0
G 8 0 3 0 1 1 1 2 2 3 1 3 2 0 0  
C 8 0 S 0 1 2 1 2 2 3 1 3 2 0 0 3 2 . 0
21
1 5 . 8 0 4 . 5 2 0 0 4 0 4 .  16
0 5 . 5 0 6 . 1 5
1 8 . 0 0 5 . 7 20 0 5 0 5 . 17
1 7 . 9 0 5 .  3 19 .  17
1 7 . 7 0 5 . 2 19 0 4 0 5 . 1 7
19
19
1 4 . 0 0 3 . 4 21 0 4 0 4 .  13
0 3 . 4 2 0 . 1 5
0 3 . 9 20 0 5 . 1 6
0 3 . 6 20 05 . 1 5




1 5 . 9 0 5 . 0 20 0 3 0 4 .  16
0 4 .  1 21 04 .  14
1 6 . 5 0 4 . 8 2 0 0 4 0 6 . 17
1 5 . 9 0 4 . 2 21 0 4 0 6 . 1 6
0 4 . 5 19 .  17
0 4 . 0 . 1 5
0 4 . 2 19 03 .  14
1 4 . 3 0 3 . 8 19 . 1 5
19
2 0
1 2 . 0 2 0 0 3 0 5
0 3 . 8 19 0 4 . 1 5
19
19 0 3 0 4
0 3 . 3 04 .  14
1 2 . 7 0 3 . 3 2 0 0 4 0 4 . 1 5
0 3 . 4 21 0 5 . 1 5
19
0 3 . 9 20 05 .  16
1 2 . 3 0 3 . 2 19 0 4 0 5 .  13
0 3 . 6 19 05 . 16
0 3 . 6 . 17
20 0 4
1 1 . 7 0 2 .  8 2 0 0 4 0 4 . 1 3
1 1 . 5 0 2 . 8 19 0 3 0 4 .  14
0 2 . 7 19 0 4 0 4 . 14
1 0 . 9 0 2 . 7 19 0 3 0 4 .  14
0 4
0 8 .  1 0 1 . 8 20 0 3 0 4 . 1 2
20 0 5
1 7 . 4 0 9 . 7 2 0 0 5 0 5 . 3 1
1 7 . 9 0 9 . 8 20 0 3 0 5 . 2 9
2 0
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C 8 0 9 0 9 3 0 2 2 1 2 4 5 0 0 1 7 . 9 1 6 .
C 8 0 0 0 9 4 C 2 2 1 2 4 5 0 0 1 5 . 7 1 5 .
0 8 0 9 0 9 5 0 2 2 1 2 4 5 0 0 1 5 . 6 1 5 .
0 8 0 9 0 9  6 0 2 2 1 2 4 5 0 0 1 6 . 0 1 6 .
0 8 0 9 0 9 7 0 2 1 1 2 4 5 0 0 1 5 . 5 1 4 .
C 3 0 9 0 9 8 0 2 1 1 2 4 5 0 0 1 2 . 8 1 3 .
C 8 0 9 0 9 9 0 2 1 1 2 4 5 0 0 1 3 . 3 1 3 .
C 8 0 9 1 0 0 0 2 1 1 2 4 5 0 0 1 1 . 7 1 1 .
C 8 0 9 0 0 3 1 2 2 1 2 4 2 0 0 2 8 . 0 2 7 .
C 8 0 9 0 0 4 1 2 2 1 2 4 2 0 0 2 7 . 3 2 8 .
0 6 0 9 0 0 5 1 2 2 1 2 4 2 0 0 2 4 . 9 ‘2 4 .
0 8 0 9 0 0 6 1 2 2 1 2 4 2 0 0 2 7 . 5 2 7 .
C8 0 5 0 0 7 1 2 2 1 2 4 2 0 0 2 6 . 6 2 6 .
0 8 0 9 0 0  8 1 2 2 1 2 4  2 0 0 2 4 . 3 2 4 .
0 8 0 5 0  1 0 1 2 2 1 2 4 2 0 0 2 2 . 7 2 1 .
C 3 0 9 0  1 1 1 2 2 1 2 4 2 0 0 2 2 . 4 2 1 .
G 6 O 9 0 1 2 1 2 2 I 2 4 2 C 0 2 2 .  5 2 1 .
0 8 0 9 0 1 3 1 2 2 1 2 4 2 0 0 2 2 .  1 2 1 .
0 8 0 9 0 1 4 1 2 2 1 2 4 2 0 0 2 1 . 1 2 0 .
C 6 0 9 0  1 5 1 2 2 1 2 4 2 0 0 2 1 . 0 2 0 .
C G 0 9 0 1 6 1 2 2 1 2 4 2 0 0 2 3 . 3 2 2 .
C S 0 9 0 1 7 1 2 2 1 2 4 2 0 0 2 0 . 3 1 9 .
C 8 0 9 G 1 S I 2 2 I 2 4 2 0 0 2 1 . 3 2 0 .
0 8 0 9 0 1 9 1 2 2 1 2 4 2 0 0 2 1 . 2 2 0 .
C 3 0 9 0 2 0 1 2 2 1 2 4 2 0 0 2 0 . 5 2 1 .
G3 0 9 0 2 1 1 2 2  1 2 4 5 0 0 1 9 . 0 1 8 .
0 3 0 9 0 2 2 1 2 2 1 2 4 2 0 0 2 0 . 8 2 0 .
0 S 0 9 0 2 3 1 2 2 1 2 4 5 0 0 1 8 . 3 1 7 .
0 8 0 9 0 2 4 1 2 2 1 2 4 5 0 0 1 6 . 9 1 6 .
0 8 0 5 0 2 5 1 2 2 1 2 4 5 0 0 1 7 . 8
C 3 0 9 0 2 6 1 2 2 I 2 4 5 0 0 1 6 . 0 1 6 .
0 3 0 9 0 2 7 1 2 2 1 2 4 5 0 0 1 5 . 0 1 4 .
0 3 0 9 0 2 8 1 2 2 1 2 4 5 0 0 1 0 . 4 1 0 .
C 8 0 9 0 5 1 1 2 2 1 2 4 2 0 0 2 9 . 5 2 8 .
0 3 0 9 0 5 2 1 2 2 1 2 4 2 0 0 2 5 . 1 2 4 .
0 8 0 9 0 5 3 1 2 2 1 2 4 2 0 0 2 5 . 7 2 4 .
C 3 0 9 0 5 4 1 2 2 1 2 4 2 0 0 2 4 . 8 2 4 .
0 3 0 9 0 5 5 1 2 2 1 2 4 2 0 0 2 4 . 3 2 3 .
0 3 0 9 0 5 6 1 2 2 1 2 4 2 0 0 2 4 . 0 2 3 .
0 3 0 9 0 5 7 1 2 2 1 2 4 2 0 0 2 2 . 6 2 2 .
0 S 0 5 0 5 S 1 2 2 1 2 4  2 0 0 2 2 . 3 2 2 .
0 3 0 9 0 5 9 1 2 2 1 2 4 2 0 0 2 2 . 0 2 1 .
0 8 0 9 0 6 0 1 2 2 1 2 4 2 0 0 2 1 . 9 2 0 .
0 0 0 9 0 6 1 1 2 2 1 2 4 2 0 0 2 2 . 0 2 2 .
0 0 0 9 0 6 2 1 2 2 1 2 4 5 0 0 1 8 . 7 1 8 .
C 8 0 9 C 6 3  1 2 2 1 2 4 5 0 0 1 9 . 4 1 8 .
0 8 0 9 0 6 4 1 2 2 1 2 4 5 0 0 1 9 . 4 1 8 .
0 8 0 9 0 6 5 1 2 2 1 2 4 2 0 0 2 1 . 0 1 9 .
0 8 0 9 0 6 6 1 2 2 1 2 4 5 0 0 1 8 . 0 1 3 .
0 8 0 9 0 6 7 1 2 2 1 2 4 5 0 0 1 7 . 7 1 8 .
0 8 0 9 0 6 8 1 2 2 1 2 4 5 0 0 1 9 . 2 1 8 .
C 8 0 5 0 6 9 1 2 2 1 2 4 5 0 0 1 6 . 8 1 6 .
0 8 0 9 0 7 0 1 2 2 1 2 4 5 0 0 1 8 . 0 1 7 .
C 8 0 5 0 7 1 1 2 2 1 2 4 5 0 0 1 8 . 1
1 0 . 6 0 3 . 0 20 03 .  18
0 2 . 3 20 0 3 0 4 .  15
0 9 . 3 0 2 . 4 18 0 3 0 3 .  16
0 9 .  1 0 2 .  3 2 0 0 3 0 5 .  14
0 8 . 4 0 2 . 4 2 0 0 3 0 4 . 1 6
0 8 . 4 0 2 .  1 19 0 3 0 4 .  16
0 8 . 5 0 1 . 9 19 0 3 0 4 .  14
0 1 . 4 19 0 3 0 4 . 1 2
0 9 . 2 20 . 3 3
0 8 . 5 20 . 3 2
1 4 .  8 0 9 . 0 20 0 4 0 4 . 3 7
0 7 .  3 2 0 04 . 2 7
0 3 . 2 19 . 3 1
0 7 . 4 20 . 3 0
0 7 .  5 2 0 .  34
1 1 . 4 0 7 . 7 21 0 3 0 4 . 3 5
1 1 . 5 0 6 . 8 2 0 0 4 0 5 . 3  1
0 6 . 8 18 03 . 3 2
0 6 . 4 21 0 3 0 4 . 3 1
1 2 . 0 0 6 .  8 19 0 3 0 4 . 3 3
1 3 . 5 0 8 . 0 20 0 4 0 4 . 3 6
0 6 . 7 19 0 4
0 6 . 2 2 0 . 3 0
0 5 .  1 20 04 . 2 5
0 6 . 0 20 34 . 2 3
1 0 . 7 0 5 . 8 19 0 3 0 4 . 3 0
0 5 . 6 2 0 . 2 7
0 4 .  3 2 0 . 2 5
0 4 . 3 20 . 2 5
0
0 4 . 7 I S 04 . 2 7
0 9 . 3 0 4 .  1 20 0 3 0 5 . 2 8
0 2 . 6 19 0 3 0 4
0 8 . 7 20
1 3 . 0 0 8 . 2 20 0 2 0 3 # 3* 3
0 7 . 3 18 05 .  30
0 6 . 4 21 0 4 . 2 7
0 8 . 0 2 0 03 .  34
0 7 . 7 2 0 .  33
0 7 . 0 2 0 0 3 0 4 . 3 1
0 7 . 2 18 03 . 3 2
0 6 . 7 2 0 0 3 0 3 . 3 1
0 6 . 9 19
21
0 4 0 4 .  32
0 5 . 9 19 0 3 0 4 . 3 2
1 1 . 0 0 6 .  1 20 0 4 0 4 . 3 2
0 5 . 5 2 0 .  30
1 0 . 9 0 6 .  5 2 0 0 3 0 3 . 3 3
0 4 .  9 20 03 . 2 6
1 0 . 0 0 6 . 4 18 0 4 0 4 . 3 5
0 5 . 5 21 04 .  30
0 4 .  5 20 . 2 7
0 4 . 9 19
20






















































C 8 0 9 0 7 2 1 2 2 1 2 4 5 0 0 1 8 . 2 1 7 .
C 6 0 9 0 7  3 1 2 2  1 2 4 5 0 0 1 7 . 9 1 7 .
C 3 C 9 0 7 4 1 2 2 1 2 4 5 0 0 1 7 . 0 1 6 .
0 8 0 9 0 7 5 1 2 2 1 2 4 5 0 0 1 5 . 6 1 5 .
C8G90  7 6 1 2 2 I 24  5 00 1 5 . 4 1 4 .
C8 0 9 0 7 8 1 2 2  1 2 4 5 0 0 1 1 . 9 1 1 .
1 1 0 2 0 0 1 0 2 2 3 1 3 2 0 0 3 2 . 5 3 1 .
1 1 C 2 C 0 2 0 2 2 3 13 20 0 3 3 . 0 31 .
1 1 0 2 0 0 3 0 2 2 3 1 3 2 0 0 3 1 . 0 2 9 .
1 1 0 2 0 0 4 0 2 2 3 1 3 2 0 0 3 2 . 0 1 0 .
1 1 0 2 0 0 5 0 2 2 3 1 3 2 0 0 3 0 . 3 2 5 .
1 1 0 2 0 0 0 0 2 2 3 1 3 2 0 0 2 7 .
1 1 0 2 0 0 7 0 2 2 3 1 3 2 0 0 2 9 . 3 2 8 .
1 1 0 2 0 0 8 0 2 2 3 1 3 2 0 0 2 7 . 4 2 6 .
1 1 0 2 0 0 9 0 2 2 3 1 3 2 0 0 2 7 . 0 2 5 .
1 1 0 2 0 1 0 0 2 2 3 1 3 2 0 0 2 4 . 9 2 5 .
1 1 0 2 0 1 1 0 2 2 3 1 3 2 0 0 2 4 . 3
1 1 0 2 0 1 2 0 2 2 3 1 3 2 0 0 2 5 . 0 2 4 .
1 1 0 2 0 1 3 0 2 2 3 1 3 2 0 0 2 4 . 5 2 3 .
1 1 0 2 0 1 4 0 2 2 3 1 3 2 0 0 2 4 . 7 2 4 .
1 1 0 2 0 1 5 0 2 2 3 1 3 2 0 0 2 4 . 9 2 4 .
1 1 0 2 0 1 1 0 2 2 3 1 3 2 0 0 2 3 . 6 2 2 .
1 1 0 2 0 1 7 1 2 2 3 1 3 2 0 0 2 5 . 1 2 2 .
1 1 0 2 0 1 1 1 2 2 3 1 3 2 0 0 2 3 . 4 2 2 .
1 1 0 2 0 1 5 0 2 2 3 1 3 2 0 0 2 2 . 9 2 2 .
1 1 0 2 0 2 0 0 2 2 3 1 3 2 0 0 2 3 . 5 2 2 .
1 1 0 2 0 2 1 0 2 2 3 1 3 2 0 0 2 3 . 7 2 2 .
1 1 0 2 C 2 2 0 2 2 3 1 3 2 0 0 2 1 .
1 1 0 2 0 2 3 0 2 2 3 1 3 2 0 0 2 0 . 5 2 0 .
1 1 0 2 0 2 4 0 2 2 3 1 3 2 0 0 2 0 . 0 2 0 .
1 1 0 2 0 2 5 0 2 2 3 1 3 2 0 0 1 5 . 8 1 5 .
1 I 0 2 G 2 6 1 2 2 3 I 3 2 0 0 3 7 . 9 3 5 .
1 1 0 2 0 2 7 1 2 2 3 1 3 2 0 0 3 3 .
1 . 0 2 0 2 8 1 2 2 3 1 3 2 0 0 2 9 .  1 2 8 .
1 1 0 2 0 2 9 1 2 2 3 1 3 2 0 0 2 8 . 8 2 7 .
1 1 0 2 0 3 0 1 2 2 3 1 3 2 0 0 2 6 . 5 2 5 .
- 1 0 2 0 3 1 1 2 2 3 1 3 2 0 0 2 4 . 0 2 2 .
1 1 0 2 0 3 2 1 2 2 3 1 3 2 0 0 2 1 . 8 2 0 .
I 1 0 3 0 C 1 0 2 1 2 0 5 5 0 0 1 6 . 7 1 6 .
1 1 0 3 0 0 2 1 2 2 2 0 5 5 0 0 1 5 . 9 1 5 .
1 2 0 5 0 0 1 0 2 2 1 2 5 2 2 0 3 4 . 4 32  .
1 2 0 5 0 0 2 0 2 2 1 2 5 2 2 0 3 5 . 9 2 4 .
1 2 0 5 0 0 3 0 2 2 1 2 5 2 2 0 2 4 . 5 2 3 .
1 2 0 5 0 0 4 0 2 2 1 2 5 2 2 0 2 5 . 0 2 4 .
1 2 0 5 0 0 5 0 2 2 1 2 5 2 2 0 2 4 . 5 2 3 .
1 2 0 5 0 0 6 0 2 2 1 2 5 2 2 0 2 3 . 5 2 3 .
1 2 0 5 0 0 7 0 2 2 1 2 5 2 2 0 2 2 . 5 2 2 .
1 2 0 5 0 0 8 0 2 2 1 2 5 2 2 0 2 4 . 2 2 3 .
1 2 0 5 0 0 9 0 2 2 1 2 5 2 2 0 2 4 . 5 2 3 .
1 2 0 5 0 1 0 0 2 2 1 2 5 2 2 0 2 3 . 2 2 2 .
1 2 0 5 0 1 1 0 2 2 1 2 5 2 2 0 2 2 . 9 2 2 .
1 2 0 5 0 1 2 0 2 1 1 2 5 1 2 0 2 2 . 7 2 2 .
1 2 0 5 0 1 3 0 2 2 1 2 5 2 2 0 2 2 . 2 2 1 .
1 2 0 5 0 1 4 0 2 2 1 2 5 2 2 0 2 1 . 9 2 2 .
0 4 . 7 2 0 04 . 2 7
0 4 .  9 20 03 . 2 8
1 0 .  1 0 5 . 0 18 0 4 0 3 . 3 0
1 0 .  1 0 4 .  8 19 0 3 0 3 .  32
0 3 . 4 2 0 04 . 2 3
0 7 . 3 0 2 . 9 19 0 4 0 4 . 2 6
1 7 . 8 19 0 3 0 4
0 5 . 6 21 0 4 0 5 .  18
1 6 . 9 0 4 . 6 19 0 4 0 4 .  16
0 .  —! 0 4 . 1 7
1 5 . 5 0 .  c 19
19
0 4 0 4 .  17
0 4 . 9 20 04 . 2 1
1 5 . 0 0 4 . 2 21 0 4 0 4 . 1 6
1 4 . 0 0 4 . 6 20 0 4 0 4 .  18
1 4 . 5 0 4 . 0 18 . 16
1 4 . 0 0 4 . 0 19 0 3 0 4
1 4 . 0 0 3 . 8 19 1 c .  .
0 3 . 5 19
19
0 3 .  . 5
0 3 .  6 19 0 3 0 3 . 1 5
1 3 . 4 0 3 . 2 2 0 0 5 0 5 .  14
0 3 . 7 21 05 .  16
1 4 . 8 0 4 .  2 20 0 5 0 4 .  19
0 3 . 2 2 0 0 4 0 5 .  14
0 3 . 0 . 1 3
1 2 . 0 0 4 . 0 19 0 3 0 4 .  18
1 3 . 4 0 4 . 4 19 0 4 0 4 .  20
1 1 . 7 0 3 .  3 19 0 3 0 4 .  16
1 1 . 1 0 3 . 2 19 0 4 0 4 . 1 6
0 8 . 4 0 2 . 4 . 1 5
0 9 .  5 21 0 6 .  27
0 8 .  3 18 . 2 1
0 8 .  7 20 . 3 0
0 9 u  3 . 3 4
0 8 . 4 20 .  33
0 5 . 0 21 06 . 2 2
0 3 . 9 18 . 1 5
0 2 .  1 19 0 5 0 5 .  13
0 4 .  7 19 0 4 0 5 . 3 0
0 6 . 8 19 03 . 2 1
0 3 .  5 20 0 3 0 4 .  14
1 3 . 6 0 3 . 4 19 0 4 0 4 . 14
0 4 . 6 20 0 4 0 5 . 1 9
1 5 . 2 0 3 . 9 2 0 0 4 0 4 . 1 7
1 3 .  9 0 3 . 0 20 0 4 0 4 . 1 3
1 4 .  1 0 3 . 7 20 0 4 0 5 .  17
1 4 . 3 0 3 . 5 19 0 5 0 5 . 1 5
0 3 . 5 19 05 . 1 5
1 4 ;  4 0 3 . 3 20 0 4 0 4 . 1 5
1 3 . 4 0 3 . 2 20 0 5 0 4 . 14
0 3 . 5 20 0 4 0 4 . 1 5
0 3 . 0 19 0 4 0 5 - 14
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1 4 . 4 0 9 . 0 20 0 3 0 4 . 4 0
18
0 6 . 0 20 0 4 0 4 . 3 0
1 2 . 4 0 6 .  3 19 0 5 0 5 . 3 1
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Right
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Valve L eft Comb. R.V. L.V. Comb.
00 00 4 .0 0 0 1 19 20 3 0 3 4 19 23 1
23 0.0 0.0 0 .0 25.0 100 87.0 75.0 0 .0 13.0 2
27 0-60 6-81 19-99 3
01 00 1 0 0 0 0 2 2 0 0 0 0 2 2 1
4 0.0 0 .0 0 .0 0 .0 100 100 0.0 0.0 0 .0 2
5 3
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39 0-27 10-66 35-91 3
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36 0-21 2-43 57-98 3
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* Computation a f t e r  S y lves te r-B rad ley , 1958, p. 22.
+ Computation from c h a r t  of Clopper and Pearson in  McCarthy, 1957, p. 201.
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* Computation a f t e r  Sy lvester-B rad ley , 1958, p. 22.
+ Computation from c h a r t  of Clopper and Pearson in  McCarthy, 1957, p. 201.
APPENDIX F: CHI-SQUARE TESTS (I to VI)
TEST I :  D if fe re n ce  in  s c u lp tu r a l  types (b) and (c)  in  l e f t  and r i g h t
v a lv e s  from the Glendon-Byram o f  n o r th e a s te rn  L ou is iana  ( s e c t io n  00) 
and w es te rn  M is s is s ip p i  ( s e c t io n s  01 to  0 3 ) .  Data from appendix E.
Frequencies  observed in  c a te g o r ie s :
L e f t  valve - s c u lp tu r a l  type (b) ■ 127; s c u lp tu r a l  type (c) *
59
Right va lve  - s c u lp tu r a l  type (b) = 12; s c u lp tu r a l  type (c)  = 
109
Summation o f  c h i  square  * 100.80 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
TEST I I :  D if fe re n c e  in  s c u lp tu r a l  types ( a ) ,  (d ) ,  and (e) in  l e f t  and
r i g h t  v a lves  fo r  s e r i e s  b e ta .  Data from appendix E.
Frequencies  observed in  c a te g o r i e s :
L e f t  va lve  - s c u lp tu r a l  types (a)  and (d) -  99; s c u lp tu r a l  type 
(e) -  73
Right va lve  - s c u lp tu r a l  types (a)  and (d) * 83; s c u lp tu r a l  
type (e) -  59
Sunmation of c h i  square  ■ 0 .03  (no t s i g n i f i c a n t  a t  .05 l e v e l ) .
TEST I I I :  D if fe re n c e  in  s c u lp tu r a l  types ( a ) ,  ( b ) , and (c) in  l e f t  and 
r i g h t  v a lv es  fo r  P. j>. p e rp la n u s . Data from appendix E.
F requencies  observed in  c a te g o r i e s :
L e f t  va lve  - s c u l p tu r a l  type (a )  * 287; s c u lp tu r a l  types (b) 
and (c) * 23
213
214
Right va lve  - s c u lp tu r a l  type (a) -  142; s c u lp tu r a l  types (b) 
and (c) » 23
Suranation of c h i  square  -  5.17 ( s i g n i f i c a n t  a t  .05 l e v e l ,  not a t  
.01 l e v e l ) .
TESTS IV: A sso c ia t io n  between valve  h e ig h ts  and s t r a t i g r a p h i c  u n i t s .
1. Red B lu ff  v e rsu s  Marianna:
Frequencies  observed in  c a te g o r ie s :
Red B lu ff  - le s s  than  21.0 mm -  142; 21.0  mm or g r e a t e r  -  25 
Marianna - l e s s  than  21.0  ran =* 364 ; 21 .0  ran or g r e a te r  » 313 
Summation of c h i  square  ■ 89.14 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
2. Marianna ve rsus  Mint Spring :
F requencies  observed in  c a te g o r ie s :
Marianna - l e s s  than 21 .0  ran * 364; 21.0  mm or g r e a t e r  ■ 313 
Mint Spring  - l e s s  than  21 .0  ran * 126; 21 .0  mm or g r e a te r  ■ 
102
Summation of c h i  square  * 1.54 (not s i g n i f i c a n t  a t  .05 l e v e l ) .
3. D e t r i t a l  ve rsus  n o n d e t r i t a l  fo r  the Glendon-Byram i n t e r v a l ;  
F requencies observed in  c a te g o r ie s :
D e t r i t a l  - l e s s  than  23.0  ran ■ 122; 23.0  mm or g r e a te r  ■ 38 
N o n d e t r i ta l  - l e s s  than 23 .0  ran ■ 176; 23.0  ran or g r e a t e r  * 
269
Summation of c h i  square  -  89.30 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
4 . N o n d e t r i ta l  Glendon-Byram v e rsu s  Bucatunna:
Frequencies observed in  c a t e g o r ie s :
N o n d e tr i ta l  Glendon-Byram - l e s s  than 23.0  mm * 176; 23.0 mm 
or g r e a t e r  ■ 269
215
Bucatunna - le s s  than 23.0  ran * 126; 23.0 inn or g r e a t e r  “ 
48
Suranation o f ch i  square  * 54.08 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
5. Marianna v e rsu s  n o n d e t r i t a l  Glendon-Byram:
Frequencies observed in  c a te g o r ie s :
Marianna - le s s  than 21.0 mm -  364; 21 .0  ran or g r e a t e r  »
313
N o n d e tr i ta l  Glendon-Byram - l e s s  than  21.0 ran -  120; 21.0 
ran or g r e a te r  * 325 
Summation of c h i  square  ■ 78.62 ( s i g n i f i c a n t  a t  .01 l e v e l ) .  
TESTS V: A sso c ia t io n  between r i g h t  valve I:H v a lues  and s t r a t i g r a p h i c
u n i t s .
1. Red B lu f f  v e rsus  Marianna:
Frequencies observed in  c a te g o r ie s :
Red B lu ff  - l e s s  than 0.32 =■ 58; 0.32 o r g r e a te r  » 0 
Marianna - Less than  0.32 -  95; 0 .32  or g r e a te r  « 51
Suranation o f a d ju s te d  ( a f t e r  Simpson, Roe, and Lewontin, 1960,
p. 322) c h i  square  * 25.19 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
2. Mint Spring  versus Marianna:
Frequencies  observed in  c a te g o r ie s :
Mint Spring - l e s s  than 0 .32  -  12; 0 .32 or g r e a te r  ■ 35
Marianna - l e s s  than  0.32 * 95; 0 .32  o r g r e a te r  -  51
Summation of c h i  square  * 22.51 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
3. D e t r i t a l  ve rsus  n o n d e t r i t a l  fo r  the Glendon-Byram:
Frequencies  observed in  c a te g o r ie s :
216
D e t r i t a l  - l e s s  than 0 .30  -  33; 0 .30  or g r e a t e r  -  18
N o n d e tr i ta l  -  l e s s  than 0 .30  * 69; 0 .30 or g r e a te r  ■ 67
Summation o f c h i  square  -  2.91 (not s i g n i f i c a n t  a t  .05 l e v e l ) .
4 .  Mint Spring  v e rsus  d e t r i t a l  Glendon-Byram:
Frequencies observed in  c a te g o r ie s :
Mint Spring - le s s  than 0 .32 -  13; 0.32 or g r e a te r  -  35
D e t r i t a l  Glendon-Byram - l e s s  than  0.32 * 37; 0 .32 or
g r e a te r  = 14
Summation of c h i  square -  20.44 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
5. Marianna versus nondetrital Glendon-Byram:
Frequencies observed in categories:
Marianna - l e s s  than  0.32 ■ 95; 0 .32  or g r e a t e r  ■ 51 
N o n d e tr i ta l  Glendon-Byram - le s s  than 0 .32  -  91; 0 .32 or 
g r e a t e r  •  45
Summation o f  c h i  square  -  0.11 (not s i g n i f i c a n t  a t  .05 l e v e l ) .
6. N o n d e t r i ta l  Glendon-Byram v e rsu s  Bucatunna:
Frequencies observed in  c a te g o r ie s :
Nondetrital Glendon-Byram - less than 0 .32 -  91; 0 .32 or 
greater <■ 45
Bucatunna - l e s s  than 0 .32  ■ 35; 0 .32 o r g r e a t e r  -  28 
TESTS VI: A sso c ia t io n  between l e f t  va lve  I:H va lues  and s t r a t i g r a p h l c
u n i t s .
1. Bucatunna v e rsu s  n o n d e t r i t a l  Glendon-Byram:
Frequencies  observed in  c a te g o r ie s :
Bucatunna - l e s s  than 0 .16 ■ 71; 0 .16  or g r e a te r  ■ 33
217
N o n d e t r i ta l  Glendon-Byram - l e s s  than  0 .16  -  127; 0 .16  or 
g r e a t e r  * 123
Summation o f  c h i  square  * 9 .09 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
2. D e t r i t a l  v e rsu s  n o n d e t r i t a l  fo r  the  Glendon-Byram:
Frequencies  observed in  c a t e g o r i e s :
D e t r i t a l  - l e s s  than 0 .16  « 80; 0 .16  or g r e a te r  -  26 
N o n d e tr i ta l  - l e s s  than  0 .16  -  127; 0 .16  or g r e a te r  * 123 
Summation o f c h i- s q u a re  * 18.64 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
3 . N o n d e t r i ta l  Glendon-Byram v e rsu s  Marianna;
Frequenc ies  observed in  c a te g o r i e s :
N o n d e tr i ta l  Glendon-Byram - l e s s  than  0 .16  ■ 127; 0 .16  or 
g r e a t e r  * 123
Marianna - l e s s  than  0 .16  ■ 397; 0 .16  or g r e a t e r  * 115 
Summation o f c h i  square  -  55.93 ( s i g n i f i c a n t  a t  .01 l e v e l ) .
4 .  Marianna v e rsu s  Mint Spring :
Frequenc ies  observed in  c a te g o r ie s :
Marianna - l e s s  than  0 .16  -  397; 0 .16  or g r e a te r  -  115 
Mint Spring  - l e s s  than  0 .16  « 126; 0 .16  o r g r e a t e r  -  40 
Sumnation of c h i  square  » 0 .19 (no t s i g n i f i c a n t  a t  .05 l e v e l ) .
5. Mint Spring  v e rsu s  d e t r i t a l  Glendon-Byram:
Frequencies  observed in  c a te g o r ie s :
Mint Spring  - l e s s  than  0 .16  » 126; 0 .16 o r g r e a t e r  * 40 
D e t r i t a l  Glendon-Byram - l e s s  than  0 .16  -  80; 0 .16  or 
g r e a t e r  ” 26
Summation o f c h i  square  -  0 .00  (no t s i g n i f i c a n t  a t  .05 l e v e l ) .
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6. Marianna v e rsu s  Red B lu f f ;
F requenc ies  observed In  c a te g o r ie s :
Marianna - l e s s  than  0 .16  * 397; 0 .16  or g r e a te r  
Red B lu f f  - l e s s  than  0 .16  -  34; 0 .16  or g r e a te r  
Suranation o f  c h i  square  -  93.81 ( s i g n i f i c a n t  a t  .01
-  115
-  77 
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